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Foreword
The present study is the second in a series of five reports for the crop–livestock interactions 
scoping study. The first four reports each describe a particular subregion of the Indo-Gangetic 
Plains in India: the Trans-Gangetic Plains (TGP, Punjab and Haryana, Erenstein et al. 2007b), 
Uttar Pradesh (this report), Bihar (Thorpe et al. 2007) and west Bengal (Varma et al. 2007). 
The fifth report synthesizes across the four subregions (Erenstein et al. 2007a). To facilitate 
write-up, synthesis and future reference, the reports all follow a similar outline and table 
format. This implies some repetition between reports, but this was still preferred over a single 
bulky report in view of the richness and diversity of the information and so as not to lose the 
local insights and relevance. Chapter 1 (Introduction), chapter 2 (Methodology), the action 
research needs for the IGP (part of 7.3) and most of the annexes are largely identical in each 
of the reports. Each of the reports can be read as a standalone report.
xExecutive summary
The research and development community faces the challenge of sustaining crop productivity 
gains, improving rural livelihoods and securing environmental sustainability in the Indo-
Gangetic Plains (IGP). This calls for a better understanding of farming systems and of 
rural livelihoods, particularly with the advent of, and strong advocacy for, conservation 
farming and resource-conserving technologies. This scoping study presents an assessment 
of crop–livestock interactions and rural livelihoods in the Gangetic Plains of Uttar Pradesh 
(U.P.), drawing from a village survey in three districts (Meerut–NW U.P., Kanpur–central and 
Faizabad–E) and secondary data. 
U.P. is India’s most populous state. Nearly a third (31%) of the rural population live below 
the poverty line, with poverty concentrated rurally, socially and spatially in E U.P. U.P. 
eloquently illustrates the transition from rural livelihoods based on buffalo–wheat in the 
west to cattle–rice in the east. Similarly to the neighbouring Trans-Gangetic Plains, W U.P. 
benefited from widespread irrigation development and the Green Revolution. U.P. is a 
major wheat, rice and sugarcane producer. U.P. alone constitutes nearly half the rice–wheat 
area in the IGP. Farm size is relatively low, reflecting its high rural population density. U.P.’s 
agricultural growth was accompanied by steady reductions in poverty between the late1970s 
and 1980s but economic growth faltered in the 1990s. 
Livelihood platforms
Land is the central asset for the livelihoods in the surveyed communities, with 84% of 
households having access to land and with an average landholding of 1.7 ha per farm 
household. The physical capital asset base shows a marked gradient from being relatively 
high in the Meerut cluster (NW) to a low in the Faizabad cluster (E), particularly in terms of 
irrigation and mechanization. Human capital showed a similar gradient, with 58% of the 
household heads in the Faizabad cluster having no formal education, as against 23% for the 
Meerut cluster.
The W–E gradient in U.P. also had pronounced effects on factor prices, such as the value of 
land and labour. Daily wage rates varied from a high in the Meerut cluster (India Rupees, 
INR, 78)1 to a low in the Faizabad cluster (INR 42), both extremes being comparable to those 
reported in the adjacent subregions. Capital remains the most limiting production factor, with 
informal interest rates averaging 3% per month. Seasonal labour shortages induce seasonal 
in-migration in the western-central clusters, but overall the surveyed villages tend to be net-
1. India Rupees (INR). In May 2008, USD 1 = INR 40.542.
xi
suppliers of labour. Gender inequity still plays a key role, reflected inter alia by gendered 
wage rates and lower female literacy. 
Livelihood strategies
Livelihood strategies in the surveyed communities predominantly revolved around crop–
livestock systems and agricultural labour. Wheat dominates the cropping pattern in winter 
(all clusters) and rice is important during the monsoon, with significant roles for sugarcane 
(the Meerut cluster, reflecting market opportunity) and maize (the Kanpur cluster, reflecting 
irrigation constraints). Approximately 5% of the cultivated area is devoted to fodder crops in 
both seasons, with a tendency for this area to decline moving eastward. With the exception 
of rice in the Meerut cluster, wheat and rice are primarily for domestic consumption 
reflecting limited surplus associated with productivity and farm size constraints. Important 
cash crops for smallholders included sugarcane (the Meerut cluster) and vegetables (the 
Kanpur and Faizabad clusters).
Livestock ownership is widespread and complements the rice–wheat based cropping systems 
as the basis of rural livelihoods. The aggregate livestock herd varied from a high of 4.2 cow 
equivalents per household in the Meerut cluster to a low of 1.8 in the Faizabad cluster. 
Associated with the variation in aggregate herd size are: (i) prevalence of dairy buffalo in the 
Meerut and Kanpur clusters; (ii) crossbred cows largely limited to the Meerut cluster, desi/
local cows to Kanpur and the Faizabad cluster; (iii) more draught cattle in Meerut; and (iv) 
prevalence of small ruminants in Kanpur and Faizabad. Extracted milk yields were generally 
low yet 70% of milk output was reportedly sold, thereby providing an important and regular 
source of cash income. Backyard poultry is again markedly absent. 
Similar to the rest of the IGP, crop production appeared as the main livelihood source for 
landed households, with livestock typically complementary and to a large extent dependent 
on the crop enterprise. Landless households depend primarily on their labour asset, with 
livestock providing an important contribution. 
Crop–livestock interactions
U.P. is characterized by the prevalence of wheat as the traditional food and feed crop, with 
an increasing rice growing tradition proceeding eastwards. Wheat residues have scarcity 
value and are intensively collected, stored and used as the basal animal feed and eventual 
surpluses traded. Reported wheat residue prices decrease along a W–E gradient (INR 1.6/
kg in the Meerut cluster to INR 0.9/kg in the Faizabad cluster). Rice straw has less scarcity 
value and is less intensively collected and used. The use of rice straw as feed highlights a 
significant west–east gradient, with about a quarter of households using in the Meerut cluster 
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as against a near universal use in the central and eastern clusters, reflecting the rice growing 
tradition and the relative feed scarcity. Green sugarcane tops are intensively used as feed 
in the sugarcane belt (the Meerut cluster) and maize residues in central U.P. (the Kanpur 
cluster). Compared to the Trans-Gangetic Plains, the practice of stubble grazing becomes 
more common and in situ burning of residues less common. 
Livestock in the NW cluster are generally stallfed throughout the year. In central and eastern 
U.P., bovines are also primarily stallfed, but this is supplemented with grazing. The basal diet 
consists primarily of wheat bhusa (chopped straw) year round, seasonally complemented 
with rice straw and collected forage in the central and eastern clusters. The basal diet, 
particularly of lactating animals, was supplemented with green fodder and the use of other 
crop by-products. Similar to the rest of the IGP, milk yields were low and the role of bovines 
was not perceived as primary income earners.
Livestock depend on the crop residues with limited flow back from the livestock component 
to the crop component in terms of dung or traction. Crop–livestock integration was most 
apparent in the Meerut cluster, with the most pronounced complementarities between crop 
(sugarcane) and livestock production (dairy, draught). In the Faizabad cluster the systems 
were most diversified, both in terms of crops and livestock produced, but integration between 
the two was relatively limited. At household level, more interdependency between crop and 
livestock components is apparent in view of complementary labour needs and internal non-
monetary services. 
Based on these findings, the study goes on to explore the effects on livelihood security and 
environmental sustainability and provides an outlook and agenda for action for U.P. clusters 
as well as the generic action research needs that emerge from all the IGP clusters.
11 Introduction
The outstanding contribution of agricultural research towards improving the livelihoods of 
poor farmers on the Indo-Gangetic Plain (IGP) through the Green Revolution technologies is 
well documented (Frankel 1971; Pinstrup-Andersen and Hazell 1985; Lipton and Longhurst 
1989; Hazell et al. 1991; Rosegrant and Hazell 2001; Evenson and Gollin 2003). During the 
1960s to 1980s the planting in the irrigated fields of the IGP of high-yielding wheat and rice 
varieties, combined with the application of fertilizer, gave much improved cereal production. 
As a result, India moved from a deficit in the staple grains, wheat and rice, to a secure self-
sufficiency. Now, in the face of diminishing groundwater supplies and degrading soils (Kumar 
et al. 1999; Pingali and Shah 1999), the challenge is to sustain crop productivity gains, 
while supporting the millions of families on the IGP—most of whom are resource-poor—to 
diversify their farming systems in order to secure and improve their livelihoods.
Central to this challenge of ensuring improved livelihoods and environmental sustainability 
are the ruminant livestock—particularly, buffalo, cattle and goats—that are an integral part 
of the IGP’s farming systems. For decades beneficial interactions between rice and wheat 
cropping and ruminant livestock have underpinned the livelihood systems of the IGP. Yet until 
recently there has been little systematic research to assess the benefits of these interactions, 
or to evaluate the potential for improvement. Based on a review of over 3000 papers from 
South Asia, Devendra et al. (2000) reported a paucity of research that incorporates livestock 
interactively with cropping, and a woeful neglect of social, economic and policy issues. Bio-
physical commodity-based crop or livestock research had dominated, a systems perspective 
was lacking and many of technologies which were developed were not adopted. More 
recently broad classifications of crop–livestock systems in South Asia and their component 
technologies have been documented (Paris 2002; Thomas et al. 2002; Parthasarathy Rao and 
Hall 2003 and Parthasarathy Rao et al. 2004. However, it is clear that a better understanding 
of farming systems and of the livelihood objectives of landed and landless families, including 
how they exploit crop–livestock interactions, will be required if we are to be successful in 
improving rural livelihoods and securing environmental sustainability in the IGP. 
Taking a systems approach and applying a livelihoods perspective (Ellis 2000) are 
particularly important because of the dynamics and diversity of the IGP’s social geography, 
its agriculture and the complexity of the crop–livestock interactions. Current understanding 
of the interactions is only partial; hence the need to update our knowledge and to assess 
the implications for agricultural R&D—particularly with the advent of, and strong advocacy 
for, conservation farming and resource-conserving technologies (RCTs, e.g. zero-tillage, 
permanent beds and mulching). The RCTs are having some success in improving resource 
2use efficiency for crop production (RWC 2005; Singh et al. 2005), but there is a lack of 
information about their impacts on overall farm productivity and its livestock components 
(Seth et al. 2003). Improving our understanding of crop–livestock interactions and their 
contributions to rural livelihoods will better position the R&D community to be more 
effective in addressing the major challenges of improving livelihoods while ensuring 
environmental sustainability. 
It was against this background that the Rice–Wheat Consortium designed a scoping study 
with the following objectives:
To assess rural livelihoods and crop–livestock interactions in the IGP.•	
To understand the spatial and seasonal diversity and dynamics of livelihoods and •	
crop–livestock interactions, particularly in terms of the underlying drivers and 
modifiers.
To assess the corresponding implications for R&D programs.•	
 
The study was carried out across the Indo-Gangetic Plains of India, comprising the states of 
Punjab, Haryana, Uttar Pradesh (U.P.), Bihar and west Bengal. For the purposes of this study 
we grouped the Indian IGP into four subregions: the Trans-Gangetic Plains (TGP: Punjab and 
Haryana) and the Gangetic Plains of U.P., Bihar and west Bengal. The Gangetic Plains of U.P. 
comprise the Upper-Gangetic Plains and part of the Middle-Gangetic Plains, Bihar comprises 
most of the Middle-Gangetic Plains and west Bengal comprises the Lower-Gangetic Plains 
(Figure 1). This report describes the study carried out in Gangetic Plains of U.P. Its results and 
those from the other three subregion reports (TGP—Erenstein et al. 2007b; Bihar—Thorpe 
et al. 2007; and west Bengal—Varma et al. 2007) are drawn together in the main synthesis 
report (Erenstein et al. 2007a). 
The study reports are structured as follows. The second chapter presents the overall 
methodology followed and details about the specific survey locations. The third chapter 
presents the study area drawing primarily from secondary data and available literature. The 
fourth chapter analyses the livelihood platforms in the surveyed communities, distinguishing 
between the livelihood assets, access modifiers and trends and shocks. The fifth chapter 
describes the livelihood strategies in the surveyed communities, with particular attention 
for crop and livestock production. The sixth chapter assesses the crop–livestock interactions 
in the surveyed communities, with a particular emphasis on crop residue management 
and livestock feeding practices. The seventh chapter first discusses the effects on livelihood 
security and environmental sustainability and subsequently dwells on the outlook for the 
surveyed communities and draws together an agenda for action. 
3Legend: 1: Indus Plains; 2: Trans-Gangetic Plains [TGP]; 3: Upper Gangetic Plains [UGP]; 4: Middle Gangetic Plains [MGP];  
5: Lower Gangetic Plains [LGP]. 
Figure 1. The Indo-Gangetic Plains and its five subregions.
42 Methodology
Conceptual framework
The scoping study set out to assess rural livelihoods and crop–livestock interactions in the 
Indo-Gangetic Plains (IGP) through the combined use of secondary information and village-
level surveys. In order to better dissect and understand livelihoods and the contributions of 
crops, livestock and interactions of the sample village communities, the scoping study took as 
its analytical framework the ‘assets-mediating processes-activities’ model presented by Ellis 
(2000, Figure 2). 
Source: Ellis (2000). 
Figure 2. A framework for the analysis of rural livelihoods.
The framework provides a systematic way of (i) evaluating the assets of households and 
communities and the factors (e.g. social relations or droughts) that modify access to these 
assets; (ii) describing and understanding current livelihood strategies; and then (iii) exploring 
the options for reducing poverty and addressing issues of sustainability. Of particular interest 
in our scoping study was to understand the dynamics of the livelihood systems and how 
these influenced decisions on the management of rice–wheat cropping and of livestock and 
their interactions, e.g. the trade-offs between RCTs (resource-conservation technologies) and 
the use of crop residues to feed buffalo for milk production. Taking this livelihoods approach 
ensured that natural resource-based and other activities were addressed and that their effects 
on livelihood security and environmental sustainability were assessed. 
Figure 3 schematically presents the linkages between crop and livestock systems in the IGP 
that further guided the study. The scoping study did not intend a comprehensive assessment 
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5of the crop and livestock subsectors of India’s IGP. Instead emphasis was placed on the 
linkages—the crop–livestock interactions—at the farm and village level between the two 
subsectors. The study therefore focused on the dynamics at the interface of the crop and 
livestock subsectors. Within that dynamics, a further focus was put on the management 
of crop residues because of their importance as ruminant livestock feeds and their role in 
natural resources management.
Figure 3. A schematic representation of crop–livestock interactions in the Indo-Gangetic Plains.
Village-level survey
The main data source for the scoping study was a village level survey of a total of 72 
communities from April to June 2005. The communities were randomly selected using 
a stratified cluster approach. At the first level, we grouped the Indian IGP into four 
subregions: the Trans-Gangetic Plains (TGP: Punjab and Haryana) and the Gangetic 
Plains of U.P., Bihar and west Bengal. Each subregion comprises various agro-ecological 
subzones as described in the classification by Narang and Virmani (2001, Figure 4) and 
Kumar et al. 2002). At the second level, we purposively selected a representative district 
from each of the 3 main IGP agro-ecological subzones within the subregions. These 
locations were selected to reflect the range of agro-ecological conditions in the IGP 
and to capture the expected variation in farming systems, including level of access to 
irrigation services. At the third and final cluster level, we randomly selected 6 villages 
around a central point, typically the district headquarters. The villages were randomly 
selected by taking two villages off the main road along three opposing directions, one 
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6village typically relatively close (generally within 5 km) and the second further away 
(generally more than 15 km). Table 1 shows the name, cluster and agro-ecological 
classification of each village in the U.P. for which a survey was carried out. Figure 5 
shows the location of the 18 villages (based on readings from GPS units) within the three 
U.P. clusters. The Sultanpur District was originally selected but most villages surveyed 
around the reference point actually fall in Faizabad District and this cluster will be 
referred to as the Faizabad cluster hereafter. The two districts are in the transition from 
central to eastern Plains, the former district falling under the Upper-Gangetic Plain (UGP) 
and the latter under the Mid-Gangetic Plains (MGP). It is important to flag the proximity 
of the Meerut cluster to a major urban agglomeration (New Delhi), as this directly 
influences intensification and diversification incentives, particularly compared to the 
more remote Faizabad cluster. The Kanpur cluster takes an intermediate position with its 
relative proximity to Kanpur town.
Source: Adapted from Narang and Virmani (2001). 
Figure 4. Subregions and agro-ecological subzones of the Indo-Gangetic Plains.
Within each village we interacted with self-selected groups of key-informants. We thereby 
attempted to include a representative range of village stakeholders during a half-day village 
visit, covering the diverse spectra of gender, social and wealth categories (including landed 
and landless). The half-day visit thereby typically included a briefing with key informants of 
the village, a larger group meeting with villagers (mainly landed), a separate smaller group 
meeting with landless, and a visual survey by walking through and around the village. 
The separate meeting with the landless was deemed necessary to enable their more active 
participation. However, we were less successful in involving women who were virtually 
Trans-gangetic plains
Upper gangetic plains
Middle gangetic plains
Lower gangetic plains
7excluded from the group discussions in the U.P. (Table 2). In part, this was dictated by the 
prevailing social norms and definitely not aided by the male-biased team composition. Team 
members were thereby requested to be assertive and pay particular attention to gender issues 
in an attempt to readdress the imbalance. 
Table 1. Name, cluster and zone of the 18 surveyed villages in the Gangetic Plains of Uttar Pradesh 
(U.P.) 
Cluster (State) Meerut (U.P.) Kanpur (U.P.) Faizabad (U.P.)
Village Chitaura
Shahjahanpur
Chindauri
Lattipur
Bahadurpur
Narayanpur
Basen
Sikanderpur
Sultanpur
Kthurwa
Baghaha
Bambipurva
Uskaman
Jari kalan
Tindauli
Mohli
Vinayakpur
Michkurchi
Zone* Western Plains
(B1)
Central Plains
(B3)
Eastern Plains
(C1)
* Following Narang and Virmani (2001, 6). Figure 4 maps the coded subzones. 
Table 2. Median number and gender of participants in the village group discussions in each cluster 
in the Gangetic Plains of U.P.
Cluster
Village group discussion Landless group discussion
# of participants # of female participants # of participants
# of female 
participants
Meerut 5 0 4 0
Kanpur 12 0 2 0
Faizabad 6 0 2 0
Overall 6 0 2 0
 
The village survey used semi-structured interviews using a survey instrument (Annex 4). 
A village leader was generally first asked to provide quantitative descriptors of the village 
(people, resources, infrastructure). Then group discussions described the crop and livestock 
subsystems practiced in the village and other significant aspects of village livelihoods. 
Particular attention was given to the management of crop residues and to livestock feed 
resources. Data were collected on the expected drivers of crop–livestock interactions, like the 
cost of daily-hired labour and the level of access to irrigation. 
At each stage of the survey process, respondents were asked to identify and discuss the 
critical issues that affected their living standards and the constraints to, and the opportunities 
for, improving their livelihoods and that of the village. In this way, the discussions attempted 
to provide a sound understanding of the opinions and perspectives of each village 
community and of its major social groupings regarding policy issues and policy making, i.e. 
to gain a ‘user’ or bottom-up perspective and to avoid being prescriptive. 
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Figure 5. Location of the 18 surveyed villages within the Meerut, Kanpur and Faizabad clusters in the Gangetic 
Plains of Uttar Pradesh. 
9At each location within each region, three teams completed the survey instrument for two 
villages within a day. Members of a core team participated in the surveys in each of the four 
regions and in each of the three locations which constituted the subregion of each region. 
This gave continuity and consistency of research approach and ensured that the core team 
members absorbed and analysed the survey and related information from the village studies 
across the Indian IGP from Punjab in the NW to west Bengal in the east (Figure 1). Within 
each survey team at each cluster, the core members were joined by staff from the local Krishi 
Vigyan Kendra (Extension outreach program, India) or other State Agricultural University 
Departments and/or their counterparts in the Departments of Agriculture and Animal 
Husbandry of the State Government (Annex 3).
Analysis and integration of information
The quantitative primary data from the village surveys were summarized using descriptive 
statistics. These results were complemented by the information and statistics gathered from 
secondary sources. The descriptive statistics not only helped gain a better understanding of 
the type and extent of crop–livestock interactions within each subregion but also showed the 
variation within and across the four major regions. The descriptive statistics were also useful 
in examining informal hypotheses about the possible drivers of interactions between crops 
and livestock and in helping to identify the key modifiers of the effects of the drivers.
It should be noted that the nature of the survey method of collecting data dictates that each 
quantitative observation (e.g. area of irrigated land in the village or the number of buffalo) 
is a guesstimate from a respondent or group of respondents. As such, estimates of variables 
(e.g. mean number of buffalo for the subregion sample of villages) calculated from these 
guesstimates are indicative, not definitive, results and are therefore presented in the results 
section at an appropriate level of rounding (e.g. village population to the nearest 100).
The nature of the data and study also implies the analysis is mainly descriptive. All the 
tables in the present report refer to village level survey data unless otherwise mentioned. 
The tables typically present unweighted averages across surveyed villages—i.e. the average 
of the 6 surveyed villages in each cluster and 18 villages in case of the overall mean for 
the subregion. This applies to both absolute and relative values (i.e. in the case of % of 
households [hh] the % was estimated at the village level and subsequently averaged across 
villages). These tables also present measures of variability and the significance of differences 
between clusters. However, with 6 villages per cluster and a total of 18 villages for the 
subregion, the likelihood of finding significant cluster effects is somewhat limited and some 
measures like Chi-square cannot be interpreted.
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The livelihood framework can be applied at different scales. Our focus here is on the village 
and household levels. At the household level, we will often distinguish between farm 
households (with land access and crop production activities), landless households (no access 
to agricultural land [owned or rented] or crop production activities) and village households 
(includes both farm and landless). Finally, in applying the livelihood framework in this study, 
we use the principle of ‘optimal ignorance’, seeking out what is necessary to know in order 
for informed action to proceed (Scoones as cited in Ellis 2000, 47). 
It is important to remember that a scoping study, by its very nature, is not designed to provide 
definitive answers, but rather to flag issues for subsequent in-depth research. Therefore, the 
emphasis of the study methods was learning through drawing on available information and 
current knowledge from secondary sources and from the village surveys, interpreting and 
synthesizing the data from these sources and finally identifying gaps both in the information 
and our knowledge and in its application.
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3 Study area1
The Indo-Gangetic Plain (Figure 1) can be divided broadly into eastern and western 
subregions. The eastern plains have problems of poor water control and flooding while 
rainfed (monsoon/kharif) lowland rice is the traditional cereal staple and the mainstay of food 
security. Only in recent decades have wheat and other cool season crops been introduced on 
a large scale in the eastern plains north of the tropic of Cancer. By contrast the western plains 
are mainly semi-arid and would be water scarce were it not for an irrigation infrastructure of 
canals and groundwater tubewells. In the western plains, winter/rabi wheat has traditionally 
been, and continues to be, the mainstay of food security; yet in recent decades there has 
been a major increase in the area of rice grown in the monsoon/kharif season. The Upper-
Gangetic Plain (UGP) subregion straddles the western and eastern plains and in many ways 
illustrates the transition and underlying gradients. Similarly, in the eastern IGP cattle are the 
predominant livestock whereas buffalo dominate in the western IGP. In broad terms therefore 
the eastern IGP is characterized by rural livelihoods based on rice–cattle farming systems, 
while rural livelihoods in the western IGP are based on wheat–buffalo farming systems. U.P. 
eloquently illustrates this transition from buffalo–wheat in the west to cattle–rice in the east. 
The Upper-Gangetic Plains (UGP) comprises west and central Uttar Pradesh State2 and 
the terrain region of neighbouring Uttaranchal State, India, and western Nepal (Figure 1). 
Statistics and secondary information however often do not disaggregate below the state level. 
Our 3 research clusters are scattered across U.P.: one located in the western plains (agro-
climatic zone B1, Narang and Virmani 2001), one in the central plains (B3) and one in the 
eastern plains (C1). For practical purposes the study area for the present report comprises U.P. 
state instead of the UGP proper. 
The research clusters cover a gradient from semi-arid to subhumid climate with an annual 
rainfall ranging from 700 to 1300 mm (Table 3) with a highly seasonal distribution (with 
87–88% falling in June–September, Figure 6). The topography is generally gently sloping with 
well-drained land and deep alluvial soil. In 2000–2001 the irrigated area of U.P. was 73% 
(Annex 1), within the western plains an extensive network of canal irrigation sourced by the 
Ganga and Yamuna rivers and their tributaries. The irrigated area has increased across U.P. 
over the last decades, but this did not result in a concomitant increase in cropping intensity 
(Table 4). Compared to the rest of the IGP, U.P. has an about average density of rivers and 
canals (12.9 km length per km2 geographical area as against an IGP average of 11.0, derived 
1. The chapter presents background information for the study area drawing primarily from secondary data and 
available literature. Results from the village survey are presented in subsequent chapters.
2. According to Narang and Virmani (2001), the UGP part of U.P. consists of all districts of U.P. State except 
those of the eastern U.P. and Vindhyan region. In Figure 4 UGP includes zones B1–B4 but excludes zones 
C1–C2 which fall within U.P. but are considered part of MGP.
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from Minhas and Samra 2003). Other water bodies (particularly tanks/ponds and reservoirs) 
comprise an estimated 1.3% of its geographical area (as against an IGP average of 2%, 
derived from Minhas and Samra 2003).
Source: IASRI (2005, 17). 
Figure 6. Season-wise normal rainfall (mm) in U.P. (West 873 mm p.a., East 1016 mm p.a.).
Table 3. Rice, wheat and irrigated area, mean annual rainfall and prevalent soils in the Gangetic 
Plains of U.P.
Zone*
Rice–wheat area 
(million ha)
Area (% of 
GCA) 1996
Irrigated 
area (% 
of GCA)
Mean 
rainfall, mm/
year
Soil type
Rice Wheat
Northwestern 
Plains (Meerut) 0.81 17 33 88 933 Alluvial
Southwestern 
Plains (Kanpur) 0.43 9 37 74 708 Alluvial
Central Plains 1.86 27 37 69 1061 Alluvial
W U.P. [UGP] 3.10
Northeastern 0.47 35 37 35 –
Calcareous clay to 
deep alluvial
Eastern Plains 
(Faizabad) 0.58 34 39 71 –
Light alluvial and 
calcareous clay
Vindhyan 0.17 35 24 70 –
Sandy loam and 
red yellow clay
E U.P. 1.21 1335
Source: Sharma et al. (2004) (RW area) and Kumar et al. (2002, 24) (other indicators).  
*In ‘( )’ survey cluster names for current study. GCA: Gross cropped area. 
 
U.P. is the most populous state of India with 166 million population (16% of India total). 
With a geographical area of 0.24 million km2 (7% of India total), population density is 
relatively high at 690 per km2. Population density is particularly high in eastern U.P. Western 
0
200
400
600
800
1000
E UP 29 899 60 28
W UP 29 760 49 35
Pre-monsoon 
(Mar–May)
SW Monsoon 
(Jun–Sep)
Post Monsoon 
(Oct–Dec)
Winter Mons. 
(Jan–Feb)
13
U.P. saw an influx of farmers from Punjab and Haryana just after partition of the country in 
1947, with migrants clearing forest areas. Population densities are now also relatively high 
in the western border districts of U.P., reflecting their proximity to New Delhi and related 
urban sprawl. Overall U.P. is still predominantly rural (79% of the population) with a still 
heavily agrarian economy: agriculture accounts for 42% of Gross State Domestic Product 
(GSDP) and 75 percent of total employment (World Bank 2002). U.P. has a high level of 
rural poverty (31% against the national average of 27%). As a result, an estimated 8% of the 
world’s poor live in U.P. alone (World Bank 2002). Similarly, female literacy is only 43% 
(Annex 1)–a reflection of slow improvements in overall low rural literacy levels over the last 
decades of the 20th century (Table 4). Furthermore, ‘many of the erstwhile poor hover just 
above the poverty line and remain highly vulnerable to shocks that could plunge them back 
into poverty’ (World Bank 2002, 10). 
Table 4. Changes in input use and cropping intensity in the Gangetic Plains of U.P.
Zone* Year
Irrigated area 
(% of GCA)
Fertilizer (NPK kg/
ha cropped)
Cropping 
Intensity (%)
Rural literacy 
(%)
W 
U.P.
Northwestern 
Plains (Meerut)
1982
1996
67
88
83
172
151
156
22
29
Southwestern 
Plains (Kanpur)
1982
1996
50
74
59
111
144
148
28
35
Central Plains
1982
1996
41
69
56
94
140
148
20
29
E U.P. Northeastern
1982
1996
35
35
51
85
152
150
18
26
Eastern Plains 
(Faizabad)
1982
1996
49
71
74
129
147
155
25
35
Vindhyan
1982
1996
34
70
29
116
135
145
20
28
Source: Kumar et al. (2002).  
*In ‘( )’ survey cluster names for current study.
 
U.P. is a major wheat, rice and sugarcane producer. With a wheat area of 9.15 million 
hectare in 2003–04, U.P. alone provided 34% of the national wheat area and 35% of 
national wheat production. Wheat yields are about average (2.8 t/ha in 2003–04 against a 
national average of 2.7 t/ha) with 95% of wheat area being irrigated (MoA 2005a). Wheat 
is the prevailing rabi crop across U.P., with 33–39% of gross cropped area (Table 3). In the 
relatively dry areas lacking irrigation, low water requiring crops like canola and mustard, 
winter legumes such as chick pea, mixed crops etc. are cultivated during rabi (Narang and 
Virmani 2001). 
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Sugarcane is an important crop in U.P., with the state alone comprising half the national 
sugarcane area and producing 47.5% of national output in 2003–04 (MoA 2005a, 90). The 
crop is particularly prevalent in northwestern U.P. (e.g. 22% gross cropped area [GCA] in 
NW plains), making it the sugarcane belt of the state. The prevailing sugarcane–sugarcane 
ratoon–wheat rotation spanning two years thereby particularly reduces the extent of rice 
cultivation. 
With a rice area of 5.95 million hectare in 2003–04 U.P. provided 14% of the national 
area, equalled only by west Bengal further downstream. Average yields are again about 
average (2.2 t/ha in 2003–04 against a national average of 2.1 t/ha), thereby contributing 
15% of national production with 66% of rice area being irrigated (MoA 2005a). U.P. shows 
a gradient of importance of rice as kharif crop, increasing from an average of 9% of the GCA 
in the semiarid SW plains to 34% of GCA in the more humid eastern plains. Other (kharif) 
cereals are particularly important in the SW plains (24% of GCA). U.P. is one of India’s 
traditional maize growing areas (Joshi et al. 2005).
Such is the extent of wheat and rice cropping that U.P. produces nearly 21% of national food 
grains from 16% of the national food grain area (Annex 1). With an estimated 4.3 million 
hectare of rice–wheat system area, U.P. alone comprises 45% of the rice–wheat system area 
of the Indian IGP (Sharma et al. 2004). The rice–wheat system particularly prevails in the 
Upper-Gangetic Plains of U.P. (3.1 million hectare), primarily the central plain zone (1.86 
million hectare) (Table 3). 
Significant shifts in U.P.’s cropping pattern have taken place during the past few decades 
(Table 5). Wheat, rice and sugarcane have witnessed significant increases in area (+49, 
31 and 36%, respectively), while the area under maize, pulses and particularly oilseeds 
observed a steep fall (–32, –14 and –70%, respectively). Contributing to the shifts was the 
more than doubling of wheat and rice yields (+140 and 181%, respectively), albeit from a 
low base (Table 5). Driving the yield increase are the advent of improved varieties, increased 
access to irrigation and the near doubling of reported fertilizer use from 1982 to 1996 (Table 
4). However, these state-wide averages mask significant inter-regional variation (e.g. Hobbs 
et al. 1991; Hobbs et al. 1992). Particularly NW U.P. is relatively much more developed with 
respect to irrigation facilities, input supply and markets, yield levels and production patterns; 
it also provides some similarities to the TGP. Indeed, the western region was part of the 
springboard for the Green Revolution in the 1960s and 1970s, which helped U.P. depart from 
previously low levels of agricultural growth (Bajpai and Volavka 2005; World Bank 2002).
The rice–wheat based cropping systems are complemented by the livestock sector. Excluding 
poultry, the herd at the state level is primarily composed of buffalo (37.5%), cattle (33%, 
primarily desi) and small ruminants (24.5%), with pigs contributing about 5% to the herd 
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numbers (Table 6). Poultry numbers in U.P. are low, with 1 fowl for every 14 humans. Overall 
the state of U.P. has witnessed a decline in livestock numbers over the last decade (–7%), 
although the relative shifts in the livestock population vary by type (Table 6). The major shift 
was the decline in the number of cattle (–25%), whereas buffalo numbers increased (+7%). 
There were smaller declines in the number of small ruminants (–9%) and pigs (–8%), whereas 
poultry increased (11%). Various livestock density indicators generally declined over the 
period, particularly when expressed in relation to the growing human population (Table 7). 
Nonetheless, U.P. alone had 24% of the nation’s buffalo population, 20% of the pigs and 
11% of the cattle on only 7% its total geographic area.
Table 5. Area and yield of main crops over time in U.P. State
1974–75 2003–04
State/Crop Area (× 103 ha)
Production 
(× 103 t)
Yield 
(kg/ha)
Area 
(× 103 ha)
Production 
(× 103 t)
Yield 
(kg/ha)
Wheat 6152 7176 1164 9150 25567 2794
Rice 4530 3523 778 5952 13012 2187
Sugarcane 1492 61479 41,000 2030 112754 56,000
Maize 1394 827 593 947 1319 1392
Total pulses 3154 2185 694 2708 2339 886
Total 
Oilseeds 3784 1927 509 1140 928 814
Source: MoA (2005b).
Table 6. Livestock populations in U.P. State and India in 1992 and 2003
1992 2003
Uttar Pradesh 
(× 103) %
India  
(× 103)
Uttar Pradesh 
(× 103) %
India  
(× 103)
Crossbred cattle
25,635* 12.5%
15,215 1,804 8.2% 22,073
Indigenous cattle 189,369 17,317 11.0% 156,865
Buffaloes 20,084 23.9% 84,206 21,550 23.1% 93,225
Small ruminants 15,513 9.3% 166,062 14,076 8.0% 176,101
Pigs 2,905 22.7% 12,788 2,679 19.7% 13,571
Poultry 10,790 3.5% 307,069 11,969 2.4% 489,012
Source: MoA (2004b). * Crossbred cattle and indigenous cattle combined % reflects the state’s share of the 
national herd.
 
The average farm size of 0.8 ha in U.P. is relatively low compared to the national average 
of 1.3 ha (MoA 2006), reflecting its high rural population density. Marginal farmers (<1 
ha) constituted 77% of land holdings and another 14% are small farmers (1–2 ha, Table 8). 
The (semi) medium farmers accounted for most of the remaining 9% holdings while large 
farmers are virtually non-existent in the state. Population growth and ongoing subdivision of 
landholdings continue to exert downward pressure on the average farm holding. Recently, 
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the state government initiated a policy to distribute communal land to the landless, which 
may further increase the relative share of small farmers.
Table 7. Density of livestock in U.P. State in 1992 and 2003
Indicator Year Bovines Draught animals Small ruminants Pigs Poultry
Per km2
1992 153 35 52 10 36
2003 136 47 9 40
Per 100 
hectare of 
GCA
1992 177 41 60 – –
2003 150 52 – –
Per 100 
hectare of 
NSA
1992 264 61 90 – –
2003 231 80 – –
Per 1000 
people
1992 346 79 117 22 82
2003 244 85 16 72
Source: Derived from MoA (2004b).
Table 8. Land size distribution in U.P. State and India in 2000–01
State
Marginal
(< 1 ha)
Small
(1–2 ha)
Semi-
medium
(2–4 ha)
Medium
(4–10 ha)
Large
(>10 ha)
Total
% of 
landholdings
U.P. 76.9 14.2 6.6 2.1 0.1 100
All India 63.0 18.9 11.7 5.4 1.0 100
Land size (ha/
household)
U.P. 0.40 1.41 2.74 5.57 15.07 0.83
All India 0.40 1.41 2.72 5.80 17.18 1.32
Source: MoA (2006). 
 
In U.P., 48% of rural households are cultivators, 29% are agricultural labourers while other 
occupations make up the remainder 23% of rural households (Business World 2005). The 
scheduled castes make up about 29% households (Census India 2005).
U.P.’s agricultural growth was accompanied by steady reductions in poverty between the 
late 1970s and 1980s. However, it now shows less promise: economic growth faltered 
in the 1990s and U.P. has fallen behind India’s better performing states (World Bank 
2002). This has been attributed to the loss of effectiveness of the public sector and to poor 
performance in the delivery of social and infrastructure services essential for growth and 
poverty reduction (World Bank 2002). Table 9 presents selected indicators in relation to the 
Millennium Development Goals (MDGs) for the surveyed districts and for U.P. as a whole. 
A striking contrast across the surveyed districts is the relative poverty levels, with Meerut 
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(13%) well below the U.P. average and Kanpur (43%) and Faizabad (36%) above. Indeed, 
poverty historically has been concentrated in the eastern and southern regions of the state. 
For most other indicators surveyed districts approximate the state average. Despite relatively 
widespread poverty in Kanpur and Faizabad, these districts report relatively high gross 
elementary school enrolment ratios. 
Table 9. Selected MDG related development indicators at district level 
% of 
population 
below the 
poverty line
% of 
households 
going 
hungry
Infant 
mortality 
rate (per 
1000 
births)
% of children 
getting 
complete 
immunization
Literacy 
rate (%)
Gross 
enrolment 
ratio 
(elementary 
level, %)
Meerut 12.9 1.2 97.0 30.8 66.0 48.1
Kanpur 42.6 5.2 97.0 42.6 66.6 89.1
Faizabad 35.5 0.9 82.0 45.8 57.5 73.9
Average for 
all U.P.1 29.7 1.8 89.1 42.6 57.4 51.3
Source: Derived from Debroy and Bhandari (2003).  
1. Unweighted average across all districts.
 
Table 10 presents some additional indicators at the district level. These highlight the generally 
high share of 0–6 year olds in the population and significant gender bias in sex ratio, literacy 
and reported work participation. Pupil:teacher ratios are particularly high in Faizabad, 
possibly associated with its relatively high gross enrolment. 
Table 10. Selected additional development indicators at district level 
0–6 sex 
ratio 
(female per 
1000 male)
% of 0–6 
year olds 
in the 
population
Female:male 
literacy ratio
Pupil 
teacher 
ratio
Female work 
participation 
(%)
% of women 
receiving skilled 
attention during 
pregnancy
Meerut 854 31.2 70.9 46.3 9.1 88.8
Kanpur 899 31.8 70.9 40.9 8.5 16.4
Faizabad 952 34.3 61.3 64.0 17.3 24.9
Average 
for all 
U.P.1
914 35.0 60.6 44.6 13.0 30.2
Source: Derived from Debroy and Bhandari (2003).  
1. Unweighted average across all districts.
 
The Rice–Wheat Consortium (RWC) has recently tried to synthesize the biophysical and 
socio-economic drivers and modifiers of agricultural development in the IGP by subregion. 
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Table 11 presents the RWC’s summary description for the UGP, which corresponds with 
W U.P. A similar table in Thorpe et al. (2007) presents the summary for the MGP, which 
comprises E U.P. and Bihar. The tables highlight the influence and interactions of natural, 
physical and human capital, and to which can be added the important elements of social 
and financial capital. These factors are key to our better understanding of the dynamics of 
agriculture, rural development and the underlying livelihood strategies in this transition zone 
from the NW IGP to the eastern plains of India. The summary serves as a useful complement 
to the livelihoods framework (Figure 2) when reviewing the responses from the village 
surveys.
Table 11. Characteristic biophysical and socio-economic features of the Upper-Gangetic Plain 
Biophysical Socio-economic
Climate Hot subhumid, annual rainfall 
up to 1000 mm, of which 
75–78% received in monsoon 
season
Farmer 
characteristics
Middle level education, 
enterprising with capacity 
to take risk; Affluent to 
poor farmers. Agricultural 
holdings consolidated but 
relatively medium sized. 
Enhanced growth of peri-
urban agriculture and private 
sector agro-industries
Physical 
features
Alluvial coarser to medium 
fine textured calcareous soils, 
gently sloping; acidic soils in 
hills; alkali soils also exist in 
stretches, water quality low in 
pockets. Marginal lands being 
reclaimed. Changing river 
courses affect farming and 
livelihood conditions
Infrastructure 
for inputs; 
technology and 
extension
Good infrastructure with 
relatively less extension 
support
Irrigation Long distance inter-basin 
transfer of water, intensively 
irrigated systems, extensive 
ground water development. 
Some use of low quality 
ground water for irrigation
Marketing of 
produce
More favourable to rice and 
wheat
Energy Tractorization very popular, 
rice being mechanized
Research 
support
Institutional network exist 
and relatively good.
Bio-climate Favourable to RWCS; cereal-
based system with sugarcane
Policy support Relatively less adequate
Source: Unpublished background tables developed for RWC (2006).
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4 Livelihood platforms
4.1 Livelihood assets
The income of a household largely depends upon utilization of available resources. These 
are the basic building blocks upon which households are able to undertake production, 
engage in labour markets and participate in reciprocal exchanges with other households 
(Ellis 2000, 31). The assets of the surveyed villages have been largely categorized into five 
asset categories: natural capital, physical capital, human capital, financial capital and social 
capital (Figure 2). 
4.1.1 Natural capital
Natural capital assets in the surveyed villages primarily comprise land, water and livestock. 
The high rural population densities imply a high pressure on land. More than 80% of the 
village land is reportedly cultivated, which compares reasonably with state level data which 
indicate 73% of the geographical area to be cultivated (Annex 1). Not all land in the village 
clusters is fit for cultivation due to, for instance, problem soils, like the sodicity (sodium 
rich) affected lands in the Kanpur and Faizabad clusters. Poor soils particularly seemed to 
constrain productivity in these two clusters. A recent review of salinity (salt rich), sodicity 
and other water quality problems in the IGP (Minhas and Bajwa 2001, 277) rated 63% of 
groundwater resources in U.P. as brackish and as marginal or unfit for drinking and irrigation. 
There is also a significant rainfall gradient across the surveyed villages, with Kanpur receiving 
only some 700 mm annually and Faizabad 1056 mm. Rainfall and temperature give rise to 
a defined seasonality, with a relatively cool winter with sporadic rains (rabi season) and a 
hot humid monsoon (kharif season). Nearly 90% of the total rainfall in Faizabad is received 
from the southeast monsoon during the months of July to September (Hobbs et al. 1992). The 
landscape in the surveyed clusters is primarily plain and low altitude, decreasing from some 
240 m above sea level in upstream Meerut to 100 in Faizabad further downstream (Table 12). 
The biophysical conditions imply land quality is more favourable for agriculture in Meerut as 
compared to Kanpur and Faizabad. 
On average 84% of the households in the surveyed villages had reportedly access to land, 
with an average landholding of some 1.7 ha per farm household (Table 12). These figures 
are somewhat more favourable than the aggregate state level data, which reported a landless 
rural population of 29% and an average farm size as 0.8 ha (Annex 1). Land distribution 
seemed relatively inequitable particularly in the Kanpur cluster, with very small landholdings 
prevailing.
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Table 12. Natural capital indicators
Cluster
Altitude  
(m)a
Access to land 
(% of house-
hold)
Farm size (ha/farm 
household)
Herd size (# of cow 
equivalents per house-
hold)b
Meerut 239 b 72 2.4 4.2 b
Kanpur 158 ab 86 1.0 3.7 ab
Faizabad 100 a 87 1.7 1.8 a
Mean (s.d., n, p.) 161 (70, 17, 0.00) 84 (17, 18, ns) 1.7 (1.3, 18, ns) 3.2 (2.1, 18, 0.10)
s.d.: Standard deviation; n: number of observations; p.: Significance of group-effect. ns: non-significant (p>.10). 
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. a. Indicative value from GPS. b. Using following weights: 1.2 for buffalo, crossbred 
cows and draught animals; 1 for desi cows and equines; 0.1 for sheep, goats and pigs; and 1.4 for camels.
Livestock is another important natural asset both in terms of number and value. On average, 
each village household had 3.2 cow equivalents. However, the average livestock herd varied 
significantly across clusters, with the Meerut cluster having 4.2 and the Faizabad cluster with 
1.8 cow equivalents per household (Table 12). 
Other natural capital assets are limited in the village clusters. There are few natural surface 
water bodies and inland fisheries are not important. Natural vegetation is also limited except 
for significant shrub land in Faizabad mainly on sodic soils. There are sporadic trees and 
bamboo on the homestead and on field borders, with some poplar tree plantations in Meerut. 
4.1.2 Physical capital
‘Infrastructure development, including provision for drinking and irrigation water, sanitation, 
electricity and public transport, is very low in U.P. in comparison with many Indian states, 
and access is most limited in backward regions, where many poor people live’ (World Bank 
2002, 11). The northwestern plains of U.P. indeed have a relatively developed physical 
infrastructure and rural coverage of utility services, particularly compared to central and 
eastern U.P. The physical capital indicators for the surveyed villages in the Meerut cluster 
thereby tend to be more favourable than in the other two clusters, where infrastructure 
was relatively poor (Tables 13 and 14). Most surveyed villages in the Kanpur and Faizabad 
clusters lacked electricity and were remote with poor accessibility. For the state as a whole, 
the density of the rural road network is reasonable (e.g. road density of 53 km/km2 in U.P. vs. 
45 km/km2 for India—Annex 1), but investments in roads and irrigation and in maintaining 
vital infrastructure have suffered due to U.P.’s fiscal deficits (World Bank 2002). Travel times 
to the nearest urban centre averaged half an hour and to agricultural markets some 50 
minutes (Table 14). 
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Table 13. General physical capital indicators
Cluster
Electricity supply 
(% of household)
Public water supply 
(% of household)
No. of phones 
(#/100 house-
hold)
Availability  
public transport 
(% of villages)
Meerut 95 b 17 19 b 67
Kanpur 37 a 0 2 a 25
Faizabad 33 a 0 5 a 33
Mean (s.d., n, p.) 55 (46, 18, 0.02) 6 (24, 18, ns) 9 (13, 18, 0.04) 42 (46, 18, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
Table 14. Selected market access indicators
Cluster
Good access road 
(% of villages)
Travel time to urban 
centre (minutes)
Travel time to agricultural 
market (minutes)
Meerut 83 25 33
Kanpur 33 41 57
Faizabad 33 32 58
Mean (s.d., n, p.) 50 (51, 18, ns) 33 (26, 18, ns) 49 (40, 18, ns)
 
Three-fourth of the village area is reportedly irrigated, which compares well with state level 
data (73% in U.P.—Annex 1). Irrigation development in the three clusters most eloquently 
illustrates the gradient of physical capital from western to eastern U.P. In the Meerut cluster, 
the cultivated area is nearly comprehensively irrigated, as against only half the area in the 
Faizabad cluster, with Kanpur taking an intermediate position (Table 15). Relatively deep 
water tables in the Faizabad cluster inflate the cost of tubewell development and reportedly 
contributed to its limited irrigation development. Diesel tubewells are the main irrigation 
source in 72% of the surveyed villages, with the remainder reporting electric tubewells (22%) 
and canal irrigation (6%). However, the latter two irrigation sources are primarily limited 
to the Meerut cluster, with an even more pronounced prevalence of diesel tubewells in the 
other clusters. This has implications for the cost of irrigation, as diesel tubewells are more 
expensive to run. The relative investments in irrigation development have contributed to the 
diverging development of agricultural livelihoods in western and eastern U.P. 
The investment in agricultural machinery in the village clusters provides a further illustration 
of U.P. being the transition between the TGP and the MGP. The Meerut cluster stands out 
with a relatively high investment: 22% of farm households owning a tractor as against 4–6% 
in the Kanpur and Faizabad clusters (Table 16). For the state as a whole, tractor density 
averages 3.9 tractors per 100 ha, compared to 10.4 Punjab and 9.4 Haryana and 1.5 in Bihar 
(Annex 1). Investment in combiners and ZT drills was also concentrated in the Meerut cluster 
(Table 16). 
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Table 15. Irrigation indicators
Cluster % of area irrigated
Primary irrigation source (% of villages)
Electric TW Diesel TW Canal
Pumped from 
surface water
Meerut 98 c 33 50 17 0
Kanpur 78 b 17 83 0 0
Faizabad 52 a 17 83 0 0
Mean (s.d., n, p.) 76 (27, 18, 0.00) 22 72 6 0
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
Table 16. Mechanization indicators
Cluster
No. of tractors 
(per 100 farm 
household)
No. of power tillers 
(per 100 farm 
household)
No. of combines 
(per 100 farm 
household)
No. of ZT drills 
(per 100 farm 
household)
Meerut 22 b 0 0.05 0.2
Kanpur 4 a 0 0.0 0.0
Faizabad 6 a 0 0.0 0.0
Mean (s.d., n, p.) 10 (13, 18, 0.02) 0 (0, 18, ns) 0.02 (0.1, 18, ns) 0.05 (0.2, 18, ns)
Data followed by different letters differ significantly–Duncan multiple range test (significance level: 0.10), 
within column comparison.
4.1.3 Human capital
Human capital comprises the quantity and quality (skills) of the labour available to the 
household. The average family size is 8. The derived population density at the village level 
amounts to 790 people per km2 (Table 17), which compares reasonably with the state 
level rural population density of 690 (Annex 1). Population density thereby provides a 
further illustration of U.P. being the transition zone in the Gangetic plains, with state level 
population densities below 500 for the TGP states and around 900 further downstream (Bihar 
and west Bengal—Annex 1). The high labour:land ratio was particularly apparent in the 
Kanpur cluster, where surveyed villages were perceived to have significant labour surplus. 
About 40% of the household heads in the surveyed villages had no formal education. 
Assuming no formal education to be synonymous with illiteracy, this again compares 
reasonably with reported male literacy rate at the state level (70%—Annex 1). The reported 
lack of formal education for household heads in surveyed villages emphatically illustrates the 
development gradient, with a figure of 23% in the Meerut cluster and more than doubling to 
58% in the Faizabad cluster, with an intermediate level in Kanpur. 
4.1.4 Financial and social capital
Specific indicators for financial and social capital were not collected in the surveyed 
communities, but from the village discussions it became clear that they played an important 
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and varied role that merits closer attention in future studies. These assets and the underlying 
processes like the social relations that shape them were perceived to be too problematic and 
sensitive to collect and quantify reasonably within the surveyed communities, particularly in 
view of our rapid scoping study with outsiders spending only half a day in each community.
Table 17. Human capital indicators
Cluster
Village level population 
density (people/km2)
Family size 
 (#/household)
Hh head with no formal 
education (% of household)
Meerut 740 7.5 23 a
Kanpur 1090 7.8 42 ab
Faizabad 560 7.9 58 b
Mean (s.d., n, p.) 790 (520, 18, ns) 7.7 (2.6, 18, ns) 41 (26, 18, 0.04)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
 
The stocks of money to which the households have access included convertible assets and 
cash savings. Livestock often plays an important role as a productive convertible asset. Other 
convertible assets include stocks of unsold produce. From the discussions it became clear 
that financial constraints were common and many households relied on the local credit mar-
ket to alleviate these due to which a number of them were significantly indebted.
Social capital comprises the community and wider social claims on which individuals and 
households can draw by virtue of their belonging to social groups of varying degrees of 
inclusiveness in society at large (Ellis 2000, 36). It is an important resource to cope with crisis 
situations. Social capital can open opportunities for investment or employment, and they 
can protect households against the economic shocks that may plunge the most vulnerable 
into destitution–but extensive social networks in U.P. tend to be associated with the better-off 
(World Bank 2002). Social capital influenced some of the transactions within the community 
(e.g. mobilization of labour, credit, machinery, crop residues, milk). On average the surveyed 
villages comprised 2600 people and 360 households. In terms of households, surveyed 
villages in the Meerut cluster were significantly larger as compared to the other two clusters 
(Table 18), possibly in relation to its more favourable location in terms of agro-ecological 
potential, infrastructure and proximity to the nations’ capital. 
Table 18. Village size
Cluster # of people # of households
Meerut 4100 620 b
Kanpur 1600 200 a
Faizabad 2100 250 a
Mean (s.d., n, p.) 2600 (2100, 18, ns) 360 (330, 18, 0.04)
Data followed by different letters differ significantly – Duncan multiple range 
test (significance level: 0.10), within column comparison.
24
4.2 Access modifiers
The translation of a set of assets into a livelihood strategy composed of a portfolio of 
income earning activities is mediated by a great number of social, economic and policy 
considerations. The key categories of factors that influence access to assets and their use in 
the pursuit of viable livelihoods are access modifiers on the one hand and the trends and 
shock factors on the other (Figure 2). Access modifiers include social relations, institutions 
and organizations and comprise the social factors that are predominantly endogenous to 
the social norms and structure of which the rural households are part. The trends and shock 
factors consist predominantly of the exogenous factors of economic trends and policies and 
unforeseen shocks with major consequences on livelihood viability (Ellis 2000, 37–8). The 
access modifiers as pertaining to the study sites are reviewed here, whereas the subsequent 
section reviews the trends and shocks. 
4.2.1 Social relations
The relationships and interactions of individuals and households within society play a mayor 
role in the communities. Social divisions clearly existed in the communities and resulted in 
the social exclusion of particular individuals or groups within the communities (e.g. based on 
caste, class/wealth, origin, gender). For instance, in the Meerut cluster although living within 
the same village perimeter, landless households typically lived in specific hamlets, often at 
the edge of the village. However, as in the case of social capital, and exacerbated by the 
sensitivities involved (e.g. in the case of caste) specific indicators of social relations within 
the surveyed communities were difficult to collect through the approach followed. Intra-caste 
social bondage appeared quite strong in most of the villages. Another study highlights that 
the scheduled castes tend to form the major part of agricultural workforce in U.P. villages 
(Rajni 2007). Lower caste individuals and women face additional barriers that limit social 
and economic mobility. Deprivation linked to gender and caste is a deeply rooted reality 
in the U.P. countryside, and creates tensions in the society, exacerbated by low growth and 
limited opportunities (World Bank 2002).
Gender inequity could be viewed from the angles of female literacy, participation in 
work and decision-making and wage rate comparative to male. Secondary data from U.P. 
highlight that female literacy was only 43%, which is significantly lower than male literacy 
of 70% (Annex 1). Women labourers also tend to be paid less than males (see labour 
market discussion below). Women were involved in both crop and livestock activities (Table 
19), showing a marked increase for crop activities as compared to the TGP (Erenstein et 
al. 2007b). They contributed to all crop management activities except ploughing and to 
all livestock activities (including milking, watering, fodder/feeding, cleaning). It has been 
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estimated that in eastern U.P. poor women provide 60–80% of the total labour inputs in rice 
production as unpaid family and wage labourers in other farms (Paris et al. 2005). Migrants 
are mostly men due to cultural restrictions on female mobility outside the household. In 
eastern U.P. this implies increasing roles for the women left behind (Paris et al. 2005). 
Women’s say over the income derived from crop and livestock activities however tends to 
be relatively lower than their reported involvement in these activities. Women’s say over 
crop income was particularly low in the Faizabad cluster. Women typically have more 
say over livestock income and this tends to be more closely associated with their reported 
involvement (Table 19). Another clear indicator of gender inequality was the limited 
participation of women during the group meetings.
Table 19. Gender issues
Cluster
Women involved in Women have say in
Crop activities  
(% of villages)
Livestock activities 
(% of villages)
Crop income  
(% of villages)
Livestock income  
(% of villages)
Meerut 83 100 67 83
Kanpur 83 83 67 83
Faizabad 67 83 17 67
Mean 78 89 50 78
4.2.2 Institutions
Land and credit markets
Most land is privately held, with only a fraction reportedly being communal (2%), except for 
the Kanpur cluster, where half the villages reported significant communal shares. The rental 
and sales market of private land reflect a significantly higher land value (almost double) for 
the Meerut cluster compared to the Kanpur/Faizabad clusters, as a reflection of its more 
favourable location, infrastructure and higher productivity levels (Table 20). The land rental 
market is not always monetized. Proceeding eastward, cash-based renting of land became 
less important (with only 3 out of 6 villages in Kanpur and 1 out of 6 villages in Faizabad 
reporting) and sharecropping (batai) increases (e.g. on 50:50 basis). Large scale land reforms 
have proven difficult in U.P., whereas reforms in the structure and regulation of the land 
market have been suggested to improve productivity and broaden the impact of agriculture 
growth (World Bank 2002). The ratio of rental to purchase price averages 3.3%. The average 
annual return to investment in land thereby is much lower than the prevailing rate of interest. 
This suggests that despite the high pressure on land, capital remains the most limiting 
production factor. 
A recent study found the flow of credit to poor farmers and micro-entrepreneurs in U.P. 
inadequate: high transaction costs along with the absence of suitable collateral implies 
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poor people are often unable to access credit from institutional sources (World Bank 2002). 
Informal moneylenders indeed meet the bulk of credit demand in the surveyed villages. For 
many households institutional credit is often either not available (e.g. in view of the limited 
sums involved or the lack of collateral) or not desired (e.g. in view of the transaction costs, 
particularly bribery involved). In the few instances where informal rates were reported, these 
varied from 2% per month in the Faizabad cluster to 4.75% in the Kanpur cluster (Table 20). 
Other sources of credit include the provision of inputs on credit, credit from market traders, 
consumer credit from cooperative societies and the recently initiated Kisan Credit Card 
scheme (a public scheme to facilitate farmer access to working capital credit). In the Kanpur 
and Faizabad clusters, there were also reports of milk vendors providing credit to households 
to purchase livestock and being repaid through milk supplied. 
Table 20. Selected credit and land market indicators
Cluster
Interest rate 
money lenders 
(%/year)
Irrigated land 
rental price  
(× 103 INR/ha)a
Irrigated land  
purchase price 
(× 103 INR/ha)
Rental: purchase  
price (%)
Meerut 36b 21 b 710 b 3.3
Kanpur 57c 13 a 400 a 3.5
Faizabad 22 a 10 a 300 a 3.3
Mean (s.d., n, p.) 38 (16, 6, 0.00) 15 (7, 18, 0.01) 470 (250, 18, 0.00) 3.3 (1.1, 10, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. a. Based on combination of reported values and estimated values. Estimated values 
replace missing values using reported purchase price in village and 3.3% as average rental:purchase price ratio.
Labour market 
There is an active rural labour market in each village. The average wage rate varied widely 
from INR 42/day in the Faizabad cluster to INR 78/day in Meerut (Table 21), whereas the 
statutory minimum daily wage was INR 58 in U.P. The wage rates of W U.P. are comparable 
to those reported in the TGP (Erenstein et al. 2007b), whereas the wage rates in E U.P. 
approximate those reported in Bihar (Thorpe et al. 2007). The labour requirements for 
crops are seasonal and most villages reported periods of labour scarcity, particularly for 
rice transplanting and harvest. Wage rates thereby tend to be seasonal, with a 30 and 50% 
increase during peak periods in the Meerut and Kanpur clusters, respectively (Table 21). 
The inflated wage rates during peak periods result in seasonal in-migration, with about 
two-thirds of surveyed villages in the Meerut and Kanpur cluster reporting. However, in the 
Faizabad cluster no seasonality in wage rate was reported, and only one-third of surveyed 
villages reported seasonal in-migration. This likely reflects its lack of alternative employment 
opportunities and high local labour supply. Across all surveyed villages in U.P., seasonal in-
migration averaged 56% as against 76% villages reporting seasonal out-migration of villagers 
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to work elsewhere. This suggests the surveyed villages are net-suppliers of labour, with overall 
labour supply exceeding local demand.
Table 21. Selected labour market indicators
Cluster
Male wage rate 
(INR/day)
Female: 
male wage ratio
Peak: 
average wage 
ratio
Labour scarcity 
(% of villages)
Seasonal in-
migration (% of 
villages)
Seasonal out- 
migration 
(% of villages)
Meerut 78 b 0.6 1.3 100 67 83
Kanpur 53 ab 0.7 1.5 67 67 80
Faizabad 42 a 0.9 1.0 67 33 67
Mean (s.d., 
n, p.)
58 (19, 18, 0.00) 0.7 (0.2, 17, ns) 1.2 (0.3, 11, ns) 78 (43, 18, ns) 56 (51, 18, ns) 76 (44, 17, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
 
Female wage rates tend to be lower than male wage rates, although this could partly reflect 
differences in type of operations performed. The extent of the wage differential is particularly 
acute in the Meerut cluster, where women’s wage rates averaged 60% of men’s. In contrast, 
in the Faizabad cluster women’s wages averaged 90%, albeit that average wage rate was 
lowest and likely contributed to the limited seasonality of wage rates (Table 21). 
Agricultural input and output markets
Reflecting the more developed context of western U.P., 70% farmers purchased improved 
seeds in the Meerut cluster against about 40% in the Kanpur and Faizabad clusters (Table 
22). Chemical fertilizer was reportedly universal, and their availability does not seem to be 
a major issue. Labour being relatively cheap in the Faizabad cluster, only 33% households 
used herbicides as compared to 70–80% in the two other clusters. There are also active 
markets for tractor services (all clusters). 
Table 22. External input use (% of household reportedly using)
Cluster
Purchase  
improved seeds
Chemical 
fertilizers Herbicides
Meerut 70 100 71
Kanpur 38 100 83
Faizabad 41 100 33
Mean (s.d., n, p.) 50 (31, 18, ns) 100 (0, 18, ns) 64 (43, 17, ns)
 
A Minimum Support Price (MSP) is provided for 22 agricultural commodities in India. 
Public procurement is restricted to only a few commodities, particularly wheat and rice, and 
primarily from surplus states like Punjab, Haryana, western U.P. and Andhra Pradesh. The 
28
Food Corporation of India (FCI) thereby procures nearly 5% of total market arrivals of wheat 
and approximately 12% of total market arrivals of rice in U.P. State. The assured market and 
steady increases in the MSP of wheat and paddy have decreased market risk. The reported 
prices for wheat and paddy in the surveyed villages tended to follow the MSP for 2004–05 
(for wheat INR 6.4 per kg and for paddy INR 5.9 per kg Grade A and INR 5.6 per kg common 
grade). Prices reported in the Faizabad clusters were relatively low (Table 23) and likely 
reflect the lack of a local market and no procurement by FCI. The majority of smallholders 
produce only enough cereals to meet the family requirements and have little marketable 
surplus. 
Table 23. Selected commodity prices (INR/kg, farm gate)
Cluster Wheat Paddy Basmati paddy
Meerut 6.0 6.0 11.0
Kanpur 6.3 6.8 –
Faizabad 5.7 4.6 –
Mean (s.d., n, p.) 6.0 (0.8, 17, ns) 5.3 (1.4, 9, ns) 11.0 (1.4, 2, ns)
 
The market for sugarcane is largely determined by the proximity to the sugarcane processing 
industry. The sugarcane mills are primarily concentrated in the NW U.P., thereby making this 
area a major sugarcane producer. There are also some small-scale processors of sugarcane 
within villages producing khandsari (powder sugar) and gur (jaggery) using traditional 
technology. A common complaint by farmers relates to the delays in payment for their 
produce from the sugarcane mills. In contrast, the small-scale processors often pay less but 
with cash on delivery, something particularly attractive for cash-strapped smallholders.
For comparative purposes selected livestock prices were compiled during the group 
discussions (Table 24). The reported prices of the different animal types suggest significant 
differences in relative livestock demand and preferences. Across the three clusters, buffalo 
fetched the highest price per head, followed by crossbred cattle and desi/local cattle. 
Prices of animal types were relatively similar across the surveyed clusters, except for the 
Meerut cluster reporting relatively high prices for desi cattle. The average prices of desi cow, 
crossbred cow and buffalo, approximated the ratio of 1:3:5. 
Milk prices were relatively constant at INR 9.5–10.6 per litre across the three surveyed 
clusters despite varying closeness of some villages to urban centres. Only occasionally prices 
were specifically differentiated. In the Faizabad cluster, two villages reported the price of 
milk to vary from INR 9–11 per litre in case of buffalo milk and INR 6.5–7.5 per litre for cow 
milk. Most milk was traded through local milk vendors/cooperatives procuring for processing 
units or sold locally within the village. No direct sales to pasteurizing plants were reported in 
the surveyed villages. 
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Table 24. Selected animal and produce prices (INR, farm gate)
Cluster
Local cow 
 (INR/head)
Crossbred cow 
 (INR/head)
Buffalo 
(INR/head)
Milk 
(INR/litre)
Meerut 5,700 b 11,300 18,300 10.2
Kanpur 3,400 a 10,300 20,800 10.6
Faizabad 3,700 a 11,700 18,000 9.5
Mean (s.d., n, p.) 4,000 (1200,13, 0.01)
11,100 (4100,12, 
ns)
19,000 (3, 800,18, 
ns)
10.2 (1.3, 16, 
 ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
4.2.3 Organizations
The study focused the discussions on organizations dealing with agricultural services. Except 
in the Meerut cluster, crop extension services were not widely used by farm households. The 
use of artificial insemination (AI), veterinary and livestock extension services was reportedly 
increasing, with about half of the households using (Table 25). The use of these livestock 
related services was again markedly higher in the Meerut cluster as compared to the Kanpur 
and Faizabad clusters. AI is primarily used for crossbred (dairy) cattle, and its increasing 
use seems to reflect its increasing availability and the decreasing availability of bulls in the 
villages for natural service. Traditionally, villages used to keep one temple bull, which was 
the common property of the village and was fed by people as a part of temple offerings. In 
the Faizabad cluster some villages still kept temple bulls. In the Kanpur cluster, bulls were 
maintained by a particular community. 
Table 25. Use of selected agricultural services (% of household reportedly using)
Cluster
Artificial 
insemination
Veterinary 
services
Livestock 
extension
Crop 
extension
Meerut 82 75 58 52
Kanpur 33 50 33 1
Faizabad 47 30 28 18
Mean (s.d., n, p.) 54 (50, 18, ns) 55 (48, 14, ns) 40 (48, 11, ns) 33 (41, 9, ns)
The provision of such services to the farming community is not restricted to the public sector. 
Some NGOs and private organizations also were reported as providers. Village cooperative 
societies played an increasing role in terms of farm input supply/acquisition and the provision 
of farm machinery services to members and non-members. 
4.3 Trends and shocks
Western U.P. has been previously transformed by the Green Revolution and the political 
economy of the sugarcane crop. Of late though, the agricultural systems in the surveyed 
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villages in the Meerut cluster seemed relatively stagnant. Similarly, the surveyed villages 
in the Kanpur and Faizabad clusters seemed stagnant, albeit at significantly lower levels 
of agricultural development. The village discussions did reveal some changes in crops, 
but these generally further strengthened the observed crop patterns. In the Meerut cluster, 
sugarcane continued on the rise driven by its stability and profitability. In the Kanpur 
cluster, rice and wheat were generally on the increase, and associated with its assured 
productivity and income. In the Faizabad cluster the situation was more varied, with 
half the villages reporting the advent of sugarcane (related to the presence of sugarcane 
mills and profitability) and the other half reporting the advent of wheat and rice (related 
to irrigation and profitability). Some crops, particularly pigeon pea (arhar) and gram 
have declined due to pest problems, including both insect pests and the problem of wild 
mammals like blue-bull. Low profitability further contributed to the decline of these crops, 
as well as cotton and peas. In the Meerut cluster there was also mention of a wild pig 
menace.
In terms of livestock, there were some relative shifts in livestock numbers across surveyed 
clusters. Overall, low-yielding desi cows were on the decrease. Buffalo were on the 
increase due to higher milk yield, higher fat percentage and overall profitability and less 
susceptibility to fluctuating weather conditions. Higher milk yields seemed to be the 
driving factor for the increase in crossbred cows particularly in the Meerut cluster. The 
number of goats was on the increase in the lesser developed the Kanpur and Faizabad 
clusters. 
In terms of crop production practices, the use of external inputs seemed to be increasing, 
driven by their perceived yield enhancing effects. The overall labour cost, compounded 
by seasonal labour peaks and scarcities, and enhanced timeliness, provided the driver for 
widespread mechanization and herbicide use in the upper Gangetic plains. Tractor use is 
now near universal in the Meerut and Kanpur clusters, and combiner use picking up in 
the Meerut cluster (Table 26). However, even in the Faizabad cluster tractor use is now 
widespread, with three-quarters of farm households reportedly using, particularly for land 
preparation. The widespread use of mechanization relies heavily on contracted services, 
as ownership of machinery is significantly less across the three clusters (Table 16). Beri et 
al. (2003, 31) found that 28% of U.P. farmers used mechanized planting for wheat instead 
of traditional broadcasting, whereas manual transplanting still was near universal for rice 
(99%). One of the more recent changes is the advent of zero tillage wheat using a tractor 
drawn zero till seed drill. About one-third respondents had knowledge of zero tillage in the 
surveyed communities of the Meerut cluster, although its use was still recent and limited 
(Table 26). 
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Table 26. Mechanization and zero tillage (ZT) indicators
Cluster
Use of tractor  
(% of farm house-
hold)
Use of combiner 
(% of farm house-
hold)
Knowledge of ZT 
(% of villages)
Use of ZT  
(% of farm house-
hold)
Meerut 100 b 12.5 33 0.3
Kanpur 93 ab 0.0 0 0.0
Faizabad 77 a 3.3 0 0.0
Mean (s.d., n, p.) 90 (19, 18, 0.09) 5.5 (15, 11, ns) 11 (32, 18, ns) 0.1 (0.5, 18, ns)
Data followed by different letters differ significantly–Duncan multiple range test (significance level: 0.10),  
within column comparison.
In the surveyed communities, shocks seemed primarily individual and social in scope (e.g. 
accidents, sudden illness, loss of access rights etc.). These would have immediate effects 
on the viability of the livelihoods of the affected individuals and households, given that 
the majority had few reserves. Furthermore, the advent of the virulent new stem rust for 
wheat (UG99, Raloff 2005) and global warming (Ortiz et al. 2006) could have far-reaching 
consequences across U.P.
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5 Livelihoods strategies
The asset status of households mediated by social factors and exogenous trends and shocks 
results in adoption and adaptation over time of livelihood strategies. Livelihood strategies 
are dynamic and are composed of activities that generate the means of household survival 
(Ellis 2000, 40). The present chapter reviews the main livelihood activities in the surveyed 
communities: crop production, livestock and non-farm based activities. 
5.1 Crop production 
Crop production is the major activity for households with access to land. Irrigation in 
combination with the agro-climate typically allow for two crop seasons per year, each season 
with a distinct set of crops. On average in the kharif/monsoon season, the village cropped 
area is allocated to rice (30%), sugarcane (22%), horticulture crops (10%), other cereals 
(9%), fodder crops (5%) and pulses/oilseeds (3%—Table 27). These averages however mask 
significant variation over the three clusters. First, sugarcane is primarily concentrated in 
the Meerut cluster (62% in kharif), with relatively marginal areas (1–2%) in the two other 
clusters. Second, other cereals, particularly maize, prevail in the Kanpur cluster. Third, the 
area devoted to kharif fodder crops (primarily sorghum/jowar and maize) was significantly 
higher in the Kanpur and Meerut clusters and relatively low in the Faizabad cluster. This 
likely reflects characteristics of the livestock component (including herd size, type of animals 
and role) and the relative availability of fodder sources. Rice was cultivated by all villages 
except one (a village in the Kanpur cluster due to irrigation constraints). The variations in 
cropping pattern however imply there is a (non-significant) tendency for the rice area share 
to increase from a low of a fifth in the Meerut cluster in the NW to half the village area in the 
Faizabad cluster in the east. 
Table 27. Crop share of kharif area (% of village cultivable area)
Cluster Rice Other cereal Sugarcane
Horti-
culture
Pulses/-
oilseeds
Other 
crops
Fodder 
crops
Meerut 19 2 a 62 b 4 0 0 6 b
Kanpur 26 21 b 1 a 7 7 0 7 b
Faizabad 47 4 a 2 a 20 3 0 2 a
Mean (s.d., p.) 
[n=18] 30 (28, ns) 9 (14, 0.04) 22 (35, 0.00) 10 (23, ns) 3 (9, ns) 0 (0, ns) 5 (4, 0.06)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
 
Wheat prevails as the main rabi/winter season crop across the surveyed clusters with all vil-
lages cultivating. On average in rabi, the village cropped area is allocated to wheat (53%), 
sugarcane (11%), pulses/oilseeds (11%), horticulture (7%) and fodder crops (5%—Table 28). 
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These averages again mask the concentration of sugarcane in the Meerut cluster, thereby 
restricting the area under wheat. Pulses and oilseeds (including mustard, lentil, gram) are sig-
nificantly more widely cultivated in the Faizabad cluster. Some pulses like black gram (urad) 
are also grown as catch crop during the summer season (after rabi, before kharif). There is a 
(non-significant) tendency for rabi fodder crops (primarily Egyptian clover/berseem) to de-
crease across clusters moving downstream, with the Meerut cluster also reporting some oats.
 
Table 28. Crop share of rabi area (% of village cultivable area)
Cluster Wheat
Other  
Cereal Sugarcane
Horti- 
culture
Pulses/- 
Oilseeds
Other  
Crops
Fodder 
crops
Meerut 43 0 31 b 5 8 a 0 7
Kanpur 63 0 0 a 9 6 a 0 4
Faizabad 55 0 1 a 7 18 b 0 3
Mean (s.d., p.) 
[n=18] 53 (19, ns) 0 (0, ns) 11 (18, 0.00) 7 (10, ns) 11 (9, 0.06) 0 (0, ns) 5 (4, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
 
Rice–wheat prevailed as the main cropping system in half of the surveyed communities, 
but was particularly prominent in the Faizabad cluster (Table 29). Other wheat based sys-
tems were the main cropping system in 22% of the surveyed communities, and include 
sugarcane–wheat (11%, the Meerut cluster), horticulture–wheat (6%) and fallow–wheat (6%). 
Maize–wheat based systems were reported in 17% of the communities, but were limited to 
half the villages in the Kanpur cluster, primarily due to irrigation constraints. Sugarcane based 
systems prevailed in 11% of the communities, but were limited to a third of the villages in 
the Meerut cluster. The dominance of wheat and rice in the cropping pattern of surveyed 
clusters in U.P. is thereby prominent, with significant roles for sugarcane (the Meerut clus-
ter) and maize (the Kanpur cluster). Our figures compare reasonably with Beri et al. (2003, 
17) for U.P. as a whole: in their survey they found that wheat occupied 56% and rice 54% 
of cropped area. All systems however also have approximately 5% of the cultivated areas 
devoted to fodder crops in both seasons, with a tendency for this area to decline moving 
eastward. In general, small holders seemed to rely more on vegetables and large farmers on 
sugarcane, wheat and rice crops. 
 
Table 29. Main cropping system (% of villages)
Cluster Rice–wheat based Wheat based Maize–wheat based Other
Meerut 33 33 0 33
Kanpur 33 17 50 0
Faizabad 83 17 0 0
Mean [n=18] 50 22 17 11
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The seasonal cropping intensity in the surveyed villages averages 80% in kharif and 87% in 
rabi, resulting in an annual cropping index of 166% (Table 30). There is a (non-significant) 
tendency for cropping intensity to decrease from a high of 187% in Meerut district to a low 
of 150% in the Kanpur cluster, where rainfall and irrigation constraints limit the kharif area. 
Table 30. Cropping intensity indicators (% of cultivable land)
Cluster Kharif Rabi Annual
Meerut 93 94 187
Kanpur 68 83 150
Faizabad 78 84 162
Mean (s.d., n, p.) 80 (27, 18, ns) 87 (19, 18, ns) 166 (36, 18, ns)
The reported wheat yields in the Meerut cluster are relatively favourable (4.3 t/ha) and 
significantly higher than those reported in the more eastern clusters (2.8–3.0 t/ha—Table 
31). This reflects the more favourable wheat growing conditions in the NW in terms of a 
cooler climate, more timely planting and more developed irrigation infrastructure. Moving 
downstream the wheat growing season tends to become shorter due to the onset of terminal 
heat. The reported paddy yields average 3.4 t/ha across clusters. The variation across clusters 
is not statistically significant, but there is a tendency for the paddy yields to be lowest in the 
Kanpur cluster (associated with irrigation constraints) and highest in the Meerut cluster. In 
the Meerut cluster, farmers also tend to grow fine rice types with relatively lower yields than 
coarse rice, which somewhat depresses the reported paddy yields.
Table 31. Rice and wheat: yields and marketed surplus
Cluster Wheat (t/ha) Paddy (t/ha)
Marketed share 
wheat (%)
Marketed share 
paddy (%)
Meerut 4.3 b 3.9 36 88 b
Kanpur 3.0 a 2.8 16 27 a
Faizabad 2.8 a 3.6 19 32 a
Mean (s.d., n, p.) 3.3 (.8, 16, 0.00) 3.4 (1.2, 14, ns) 23 (21, 18, ns) 41 (35, 11, 0.09)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
 
The share of produce marketed varies across crops and clusters. Rice in the Meerut cluster 
is primarily produced for the market with 88% of produce marketed, while in the two other 
clusters it is primarily for domestic consumption, with only a quarter to a third marketed 
(Table 31). In contrast, wheat is primarily retained for own consumption across clusters. 
The relative orientation of rice and wheat production thereby reflects the underlying 
gradient in the traditional preference for wheat consumption in the NW and rice in the 
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eastern plains. The relatively low marketed shares are also associated with productivity and 
farm size constraints, particularly in the Kanpur and Faizabad clusters. Indeed, a striking 
feature of these clusters is that most farm households are by compulsion primarily home 
consumption oriented, having limited marketable surplus for wheat and rice. Instead, some 
of these smallholders produced vegetables for the market. They thereby faced considerable 
challenges, as for instance in the Kanpur cluster, some such producers were located in 
villages far from towns, connected through bad roads, had poor soils and a shortage of 
irrigation.
In the Meerut cluster, sugarcane is produced for the market and primarily sold to the sugar 
mills. Sugarcane yields some 60 t/ha of cane with the cane reportedly fetching up to INR 1.1/
kg. This makes sugarcane a profitable alternative to the rice wheat rotation. 
5.2 Livestock production
5.2.1 Types of livestock 
Livestock is an important component of the farming system in U.P., providing an additional 
source of income and nutritional cover to a large section of the rural population. The role and 
contribution of livestock differs between the NW and the eastern plains of the IGP, and the 
surveyed clusters in U.P. span the transition between the two. 
Buffalo are the prevailing livestock type in the Meerut and Kanpur clusters: 85–88% of 
households owning buffalo (Table 32) and an average of 2.1–2.2 heads per village household 
(Table 33). This contrasts with about half the households owning buffalo in the Faizabad 
cluster and an average of 0.7 heads per household. Ownership of desi/local cows is not 
widespread, but does show a significant opposite trend, with insignificant levels in the 
Meerut cluster increasing to 16% of households in the Kanpur cluster and 29% in the 
Faizabad cluster further east. In contrast, dairy crossbreds are primarily limited to the Meerut 
cluster, with nearly half households reporting. Dairy animals are held both by smallholders 
and larger farmers.
The reported dairy herds reflect the underlying investment trends in livestock. In each 
location the number of desi cows was declining and being substituted by buffalo and 
crossbred cows. The choice of households between crossbred and buffalo varied reflecting 
production tradeoffs in terms of milk quality and quantity of milk, sturdiness of animals 
and availability of AI facilities. The general preference for buffalo reflects the perceived 
lower production risks due to its resistance to adverse weather; preference for high fat milk 
with generally higher milk price and good market opportunities; and a better market for 
unproductive animals. The relatively limited dairy component in the Faizabad cluster seems 
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associated with a number of constraints, including shortage of capital, lack of green fodder 
and remoteness from consumer centres.
Table 32. Livestock ownership (% of household)
Cluster Buffalo
Local 
cow
Crossbred 
cow Draught
Small 
 ruminants Pigs Poultry
Equine and 
camel
Meerut 88 b 2 a 46 b 38 2 a 1 a 0.2 0
Kanpur 85 b 16 b 4 a 15 37 b 0.3 a 0.0 0
Faizabad 48 a 29 c 4 a 10 27 b 7 b 1.2 0
Mean (s.d., p.) 
[n=18]
74  
(32, 0.04)
15 
 (16, 0.01)
18  
(29, 0.01)
21 
 (26, ns)
22 
 (27, 0.05)
3  
(5, 0.08)
0.4  
(1.1, ns)
0 
 (0, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
Table 33. Livestock numbers (heads per household)
Cluster Buffalo
Local 
cow
Crossbred 
cow Draught
Small 
 ruminants Pigs Poultry
Equine and 
camel
Meerut 2.2 b 0 a 0.6 b 0.3 b 0.1 a 0.0 a 1.7 0.0
Kanpur 2.1 b 0.4 b 0.0 a 0.2 a 1.2 ab 0.0 a 0 0.0
Faizabad 0.7 a 0.4 b 0.0 a 0.1 a 2.2 b 1.0 b 0 0.0
Mean (s.d., 
p.) [n=18]
1.6 (1.3, 
0.07)
0.3 (0.3, 
0.10)
0.2 (0.3, 
0.00)
0.2 (0.2, 
0.05)
1.2 (1.5, 
0.04)
0.2  
(0.4, 0.06)
0.6 
 (2.4, ns)
0.0  
(0.0, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
A fifth of the households kept draught cattle, primarily male buffalo and bullocks, with a 
tendency for this to decrease from 38% of households in the Meerut cluster to 10% in the 
Faizabad cluster. Despite increasing tractorization of tillage operations, draught cattle still 
fulfil important transport functions, particularly in sugarcane producing areas as the Meerut 
cluster. 
Small ruminants were relatively absent from the Meerut cluster, but became more prominent 
moving east towards the Faizabad cluster and south towards the drier environment of the 
Kanpur cluster, where over a third of households reportedly owned small ruminants, with 
an average of 1.2 heads per village household. In the Faizabad cluster, about a quarter of 
households owned small ruminants, but with generally larger flocks, averaging 2.2 head 
per village household. Small ruminants are particularly common among the smallholders. 
The preference for small ruminants over large ruminants in these areas seems associated 
with capital constraints, easier monetization (i.e. more liquid assets) and more grazing 
possibilities. 
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Pigs were only significant in the Faizabad cluster, with 7% of households owning and an 
average of 1 head per village household. Pigs are associated with the underprivileged, 
providing them relatively liquid assets at relatively low maintenance cost, as pigs are 
primarily kept free roaming. Very few households had backyard poultry. Commercial poultry 
units (broiler and layer chickens) were not encountered in the surveyed villages. 
The types and number of livestock sum to an average herd size of 4.2 cow equivalents 
per household in the Meerut cluster, as against only 1.8 in the Faizabad cluster and an 
intermediate level of 3.7 in the Kanpur cluster (Table 34). 
Table 34. Livestock and milk sales
Cluster
Herd size (# of cow 
equivalents per 
household)
Regular livestock 
 sales (% of villages)
Non-local livestock 
 sales (% of villages)
Marketed share 
milk (% of output)
Meerut 4.2 b 17 17 a 62
Kanpur 3.7 ab 33 67 b 76
Faizabad 1.8 a 0 80 b 73
Mean (s.d., 
n, p.) 3.2 (2.1, 18, 0.10) 18 (39, 17, ns) 53 (51, 17, 0.09) 70 (21, 15, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
5.2.2 Marketing of livestock
Dairy productivity was relatively low in the Kanpur and Faizabad clusters, reflecting the 
prevalence of indigenous animals. Still, on average, across all sites 70% of milk output was 
reportedly sold and 30% kept for domestic consumption (Table 34). The dairy enterprise 
thereby provides an important and regular source of cash income to the farm household.
The market value of the livestock (Table 24) implies the average livestock herd is a 
considerable capital asset to the farm household. Animal sales can thereby provide important 
sources of lumpy cash for household consumption or investment. Sales and purchases of 
livestock were not regular occurrences across surveyed localities. In the Kanpur and Faizabad 
clusters, livestock sales were generally outside the locality, whereas in the Meerut cluster 
they tended to be local (Table 34). This likely reflects a combination of effects, including 
prevailing types of livestock and locational aspects. For example, there are often regular 
markets for bovines and farmers may prefer to purchase locally to reduce the investment risk 
in such a significant and lumpy asset. Small ruminants and pigs are often traded with non-
local specialized traders. In the Kanpur and Faizabad clusters, animal sales often revolved 
around goats, particularly young stock. The sale of goats was a particularly important source 
of income during the festival season. 
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The important role of livestock extends to the landless, with 10–100% of landless households 
keeping livestock. In the Meerut cluster landless also owned buffalo, while in the Kanpur 
and Faizabad clusters landless tended to have more small ruminants and pigs—a finding 
consistent with other studies (Rangnekar 2006). The livestock served the landless as an 
important source of milk and fuel to meet home consumption needs and cash income from 
sales of milk, fuel/manure and animals. 
5.3 Non-farm based activities
In addition to crop and livestock production, rural households in the surveyed villages are 
variously engaged in different types of off-farm activities. Such activities typically include 
farm labour on other farms, self-employment and employment/service elsewhere. About 
3/4 of the surveyed villages mentioned members of some households seasonally migrating 
out of the village (Table 21), mainly to work as farm labour in other villages and to a lesser 
extent as non-farm labour (e.g. masonry, industry, trading). Working as a farm labourer 
was the main employment for the resident landless in the three clusters. Particularly the 
engagement in farm labour can be seen as indicator of relative poverty due to its low 
wages, low status and seasonality, and is often associated with landlessness or a very small 
holding. 
5.4 Relative importance of livelihood activities
Across all the surveyed villages in U.P., the main livelihood activities were crop farming 
(57%), farm labour (18%), livestock rearing (12%), self employed (6%) and employed outside 
district (7%) (Table 35). There was some variation over the clusters, with employment on 
other farms being only 8% in the Meerut cluster and 22–24% in the Faizabad and Kanpur 
clusters. Although not significant, there is also a tendency for the relative importance of 
cropping as the main livelihood activity to decrease and for livestock to increase as one 
proceeds from the Meerut cluster to the Kanpur cluster and on to the Faizabad cluster. The 
variation over the clusters reflects the differential asset base available to the households, as 
reviewed in the previous chapter. 
Across surveyed villages, smallholders predominated (76%), followed by landless poor 
(16%) and large farmers (7%) (Table 36). There was a tendency for Kanpur to have relatively 
more large farmers (16%). Wealth is closely associated with access to land in these rural 
communities, and consequently landless rich households are virtually absent, except for a 
few in the Meerut cluster.
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Table 35. Main livelihood activity (% of household)
Cluster Crop farming Livestock rearing
Employed on 
other farms Self employed
Employed 
outside district
Meerut 66 10 8 a 10 7
Kanpur 54 13 22 b 5 7
Faizabad 52 15 24 b 2 7
Mean (s.d., 
p.) [n=18] 57 (21, ns) 12 (16, ns) 18 (14, 0.08) 6 (10, ns) 7 (8, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
Table 36. Categorization of village households (% of household)
Cluster Landless rich Landless poor
Small farmers 
(<4 ha)
Large farmers 
(>4 ha)
Meerut 1 20 77 3
Kanpur 0 13 71 16
Faizabad 0 16 82 2
Mean (s.d., p.) [n=18] 0 (1, ns) 16 (17, ns) 76 (25, ns) 7 (22, ns)
Access to land thus provides a key indicator for differentiating amongst household livelihood 
strategies. For the larger landed households, crop production appeared as the main livelihood 
source. For smallholders, crop and livestock are typically complementary, although livestock 
to a large extent is dependent on the crop enterprise. Landless households depend primarily 
on their labour asset, with livestock providing an important contribution. Amongst the poor 
households, those with more spatially and occupationally mobile household members 
appeared to be relatively better off. 
Labour plays another key role in shaping the household livelihood strategies, being a 
major cost of production for the landed and a major income source for the landless. The 
continuing spread of agricultural mechanization thereby clearly has different implications. 
Family labour provides the lion share of the labour needs for crop and livestock 
production. Half the farm households used casual labour to supplement family labour 
in crop production. Other uses of non-family labour are largely sporadic. However, the 
labour use patterns show significant variation over the west–east gradient. In the Meerut 
cluster, contracting casual labour for crop operations is the rule (80% of farm households), 
with 17% using permanent labour for crops and 9% casual labour for livestock (Table 37). 
In contrast, in the central and eastern clusters, labour use is largely limited to casual labour 
and significantly less common. 
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Table 37. Labour use by enterprise
Cluster
Crop Livestock
Use of casual  
(% of farm house-
hold)
Use of permanent  
(% of farm house-
hold)
Use of casual  
(% of household)
Use of permanent  
(% of household)
Meerut 80 b 17 9 0
Kanpur 45 a 0 0 0
Faizabad 28 a 1 4 0
Mean (s.d., 
p.) [n=18] 51 (39, 0.05) 6 (17, ns) 4 (13, ns) 0 (0, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
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6 Crop–livestock interactions
The previous two chapters presented the livelihood platforms and livelihood strategies 
pursued by the surveyed communities. Within this context, the present chapter specifically 
looks into the crop–livestock interactions. We start by reviewing the flows of the crop 
activities into the livestock activities. Particular emphasis is put on understanding crop 
residue management and livestock feeding practices. We subsequently address the reverse 
flows from livestock into crop activities, particularly in terms of manure and traction services. 
The chapter ends with an assessment of crop–livestock interactions.
6.1 Crop residue management
Crop residues (straw) constitute an important by-product of crop production and all the 
surveyed communities reported their use as animal feed. There is however significant 
variation over crops. The prevalence of crop residues use as animal feed amongst the rural 
households is near universal for wheat, 69% for rice, 31% for maize and 29% for other 
crops (only in the villages cultivating the respective crop, Table 38). The general preference 
for wheat straw (bhusa) in U.P. reflects the prevalence of wheat as the traditional food and 
feed crop. For the other crops there is considerable variation over clusters. The use of rice 
straw highlights a significant west–east gradient, with about a quarter of households using 
in the Meerut cluster as against a near universal use in the central and eastern clusters. Two 
factors largely explain this differential use of rice straw. Rice has long been a traditional 
crop in eastern U.P., but is a relatively recent arrival in the NW. The NW also has important 
alternative sources of animal feed. The latter factor is directly evident from the use of other 
crop by-products, which is largely confined to and particularly widespread in the Meerut 
cluster. These other crop by-products primarily reflect the use of green sugarcane tops in this 
sugarcane belt, an issue elaborated in the next section. The use of maize residues is limited to 
the central and eastern clusters. 
Table 38. Crop residue collection for ex situ livestock feed (% of farm household)
Cluster Wheat Rice Maize Other crops
Meerut 100 27 a 0 83 b
Kanpur 100 100 b 50 0 a
Faizabad 99 85 b 25 2 a
Mean (s.d., n, p.) 100 (1, 18, ns) 69 (43, 17, 0.00) 31 (46, 8, ns) 29 (46, 18, 0.00)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
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There appears to be considerable variation in the livestock pressure on the crop residues 
(Table 39), although for none of the cluster indicators was this found to be statistically 
significant, reflecting considerable variability and our limited sample size. Two factors are 
noteworthy. First, compared to the other two clusters, pressure on crop residues is relatively 
low in the Faizabad cluster. This largely reflects the significantly smaller herd size in terms 
of cow equivalents, reflecting the revealed preference for smaller stock. Second, compared 
to the TGP (Erenstein et al. 2007b), pressure on cereal residues is relatively high in the 
Kanpur cluster and particularly in the Meerut cluster. The latter case reflects the prevalence 
of sugarcane, which reduces the cereal area in the surveyed communities. However, on 
aggregate, the livestock pressure indicators for U.P. do not differ significantly from the 
indicators for TGP (Erenstein et al. 2007a). It is worth flagging though that these indicators 
are in area terms and thereby fail to capture variations in intensity, particularly in view of the 
higher (cereal) biomass yields achieved and the larger areas devoted to planted fodder crops 
in the TGP (Erenstein et al. 2007b).
Table 39. Indicators of livestock pressure on crop residues (cow equivalents per head at village 
level)
Cluster
On crop residue  
(cow eq./ha)
On cereal residue 
(cow eq./ha)
On wheat residue 
(cow eq./ha)
On rice residue 
(cow eq./ha)
Meerut 2.8 12.9 19.2 46.8
Kanpur 3.0 4.3 8.7 30.9
Faizabad 0.7 1.1 2.0 3.5
Mean (s.d., p.) [n=18] 2.2 (2.6, ns) 6.1 (13.1, ns) 9.9 (20, ns) 26.8 (39, ns)
The practice of in situ burning of crop residues after the harvest to clean the fields varies 
considerably by cluster and is closely associated with the cultivation of sugarcane for 
which it is a standard practice (Table 40). Beri et al. (2003) estimate that in U.P. 22% of rice 
straw and 10% of wheat straw is burned in situ (Table 41). These state averages mask the 
concentration of the cereal residue burning in the NW and central plains (B1–B3 in Figure 
4), with rice straw burning generally limited and wheat straw burning virtually absent in 
the eastern plains (C1 and C2 in Figure 4, Beri et al. 2003). The same study reports that 
60% of surveyed farmers burned these cereal residues so as to have ‘clean’ fields prior to 
initiating their mechanized land preparation and 22% were of the view that the cost of 
residue collection was very high. The higher reported incidence of in situ burning for rice as 
compared to wheat reflects the preferential use of wheat straw particularly for animal feed, 
with only the leftovers burned in the field. In addition, turn-around time to establish wheat 
after rice (and sugarcane) tends to constrain the time for residue collection and results in the 
burning of leftover residues to clear the fields at the earliest as land preparation measure. The 
higher reported incidence of in situ burning in the NW U.P. is associated with productivity 
differentials, feed alternatives and prevailing crop harvesting practices. U.P. thereby illustrates 
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the W–E gradient in crop residue burning in the IGP, from high levels in the TGP to low levels 
in the eastern plains (Erenstein et al. 2007a).
Table 40. Crop residue management practices (% of villages)
Cluster Ex situ feed use In situ grazing Non-feed use In situ burning
Meerut 100 0 a 33 67 b
Kanpur 100 50 b 50 0 a
Faizabad 100 67 b 50 33 ab
Mean (s.d., n, p.) 100 (0, 18, ns) 39 (50, 18, 0.05) 44 (51, 18, ns) 33 (49, 18, 0.05)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison.
Table 41. Residue use by volume (survey data, % of residue produced on 498 farms)
Rice Wheat
Burned in situ 22 10
Fodder 30 54
Incorporated in situ 19 20
Sold 16 13
Other use 13 4
Source: Beri et al. (2003, 20–24).
The cereal crops were primarily harvested manually, whereby the wheat and rice plants are 
cut at some level above the soil surface. The crop bundles are subsequently brought to a 
central place in the field or elsewhere for threshing, thereby facilitating the collection and 
use of crop residues. In the surveyed communities the use of a combiner was largely limited 
to 1/8 of farm households in the Meerut cluster (Table 26). Combiner use was therefore 
significantly less widespread than the 29% of rice area and 34% of wheat area for U.P. as a 
whole reported by Beri et al. (2003, 27). The limited penetration of combiners in the surveyed 
communities seems associated with the relative price of labour and the recovery of residues 
for feed, and in the case of the Meerut cluster, the extensive cropping of sugarcane that 
reduces the potential combine area. 
Threshing of wheat is typically done with a mechanical thresher that chaffs the straw into 
small pieces (bhusa) ready to be used as livestock feed. Bhusa is primarily stored year round 
inside the farm houses in all surveyed communities for year round use (see Annex 5, 18). In 
the Meerut cluster some bhusa stacks covered with sugarcane leaves were also observed (see 
Annex 5:4). The threshing of paddy is variously done but generally keeps the rice residue 
relatively intact. The remaining rice residue bundles when stored are kept in the open 
in heaps or stacks. Rice residue use as livestock feed is seasonal and storage is therefore 
typically limited to 4 months (Table 42). Prior to feeding, rice residues are chaffed, typically 
with a mechanical chaffcutter. 
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Table 42. Duration of crop residues storage (months)
Cluster Wheat Rice
Meerut 12 4
Kanpur 12 4
Faizabad 12 4
Mean (s.d., n, p.) 12 (0, 18, ns) 4 (1, 14, ns)
 
Crop residue use as livestock feed primarily relies on harvesting and storing the residues for 
ex situ use (stall feeding, see Annex 5). In situ stubble grazing complements the collection of 
crop residues for ex situ use from the same cereal field. Stubble grazing was reportedly absent 
in the Meerut cluster, but was reported in half the surveyed villages in Kanpur and 2/3 in the 
Faizabad clusters (Table 40), reflecting the relative feed shortages. U.P. thereby illustrates the 
W–E gradient in grazing in the IGP, from low levels in the TGP to high levels in the eastern 
plains (Erenstein et al. 2007a). Grazing in situ was more common in wheat fields than after 
the rice crop, the combined effect of wheat straw being the preferred feed and more ample 
turn around time (Table 43). Furthermore, more limited irrigation facilities and the associated 
cropping pattern in these clusters implies few crops remain in the field thereby facilitating 
grazing and reducing supervision costs. About 44% of the villages reported the use of crop 
residues for non-feed uses (Table 40), primarily the use of rice straw as construction material 
(e.g. thatching and ropes). This non-feed use was the lowest compared to the other IGP states 
(Erenstein et al. 2007b), associated with the extensive feed use of residues. 
Table 43. Crop residue grazed in situ (% of households)
Cluster Wheat Rice
Meerut 0 a 0
Kanpur 40 ab 0
Faizabad 63 b 30
Mean (s.d., n, p.) 34 (46, 18, 0.05) 11 (30, 17, ns)
 
Data followed by different letters differ significantly – Duncan multiple  
range test (significance level: 0.10), within column comparison.
 
Several types of crop residue transactions exist between households in the surveyed 
clusters (Table 44). Most of the surveyed villages reported sales of crop residues by farmers, 
particularly of wheat residues. In about a third of the villages crop residues were also used 
as in-kind payment. However, this varied significantly from three out of five villages in the 
Meerut cluster to none in Faizabad. In-kind payments are often interlinked with the labour 
market, and are particularly common in the case of sugarcane tops (also see Rajni 2007), 
and to a lesser extent relate to wheat residues. In about 2/5 of the villages crop residues were 
sometimes given away, with residue gifts often restricted to rice.
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Table 44. Crop residue transaction practices (% of villages)
Cluster Sales In kind payment Given away
Meerut 100 60 b 50
Kanpur 83 33 ab 33
Faizabad 83 0 a 33
Mean (s.d., n, p.) 89 (32, 18, ns) 29 (47, 17, 0.10) 39 (50, 18, ns)
Data followed by different letters differ significantly – Duncan multiple range test  
(significance level: 0.10), within column comparison. 
Nearly 2 out of 5 households in the surveyed communities are engaged in the wheat residue 
market, with 8% being net sellers and 29% net buyers (Table 45). In the Meerut cluster the 
number of net sellers of wheat residue tends to be similar to the number of net buyers. This 
is in contrast with the Faizabad and particularly the Kanpur clusters, where net sellers are 
uncommon and largely outnumbered by net buyers, reiterating the relative wheat residue 
scarcity in the area. This also reflects the availability of sugarcane tops in the Meerut cluster 
as substitute feed. Residue sales tend to be local and some purchases from outside were 
made. Transactions are mainly directly between buyer and seller, with only some reported 
traders.
Table 45. Categorization of households as deficit or surplus in crop residue (% of household)
Cluster
Surplus (net seller) Deficit (net buyer)
Wheat Rice Wheat Rice
Meerut 13 17 14 0
Kanpur 4 0 47 0
Faizabad 7 4 26 6
Mean (s.d., n, p.) 8 (8, 18, ns) 7 (24, 17, ns) 29 (30, 18, ns) 2 (7, 18, ns)
 
The average price of wheat residue varied significantly across clusters and seasons. The price 
of wheat straw decreased along a W–E gradient: being highest in the Meerut cluster (INR 1.6/
kg) and decreased proceeding downstream to Kanpur (INR 1.2/kg) and on to the Faizabad 
cluster (INR 0.9/kg—Table 46). Each site also showed seasonal variation, whereby the overall 
average across sites of INR 1.2 per kg varied from a seasonal low of INR 1.0 after the wheat 
harvest to a seasonal high of INR 1.5 during the winter months. Wheat residues thereby 
provide a significant contribution to the income derived from wheat production, although 
their value seems relatively low compared to their importance for livestock production. 
The higher absolute value of wheat straw upstream reflects location differences rather than 
relative scarcity between clusters. For instance, the relative proximity of the Meerut cluster to 
the nation’s capital inflates overall price levels (e.g. as is the case for wage rate and land) and 
provides more market opportunities for such a relatively bulky and low value commodity as 
wheat straw. 
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Table 46. Crop residue prices (INR/kg)
Cluster
Wheat Rice
Average Peak Trough Average Peak Trough
Meerut 1.6 c 1.9 b 1.3 c – – –
Kanpur 1.2 b 1.7 b 1.0 b 0.2 – –
Faizabad 0.9 a 1.1 a 0.7 a 0.1 – –
Mean (s.d., n, p.) 1.2 (0.4, 18, 0.00)
1.5 (0.5, 17, 
0.00)
1.0 (0.3, 17, 
0.00)
0.1 (0.1, 5, 
0.00) – –
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
The rice residue market is relatively thin with the engagement of only one out of ten 
households in the surveyed communities (Table 45). The participants are primarily sellers and 
are concentrated in one village in the Meerut cluster, where all rice producers sell basmati 
rice straw as packaging material. The price of rice straw as feed where reported, was low with 
an average of INR 0.1/kg, a fraction of the prevailing wheat straw price. The low price also 
explains why rice residues were sometimes simply given to the landless and smallholders. 
Residue quality factors did not play a major role in determining wheat residue prices. Only 
sporadically were other than seasonal factors mentioned, for instance size (length of the 
chaffed straw), cleanliness and dryness. Varietal choice for wheat and rice mainly reflected 
grain yield considerations. Only four villages reported that, in addition to grain yield, wheat 
residue quantity was also considered, including one village that also reported wheat residue 
quality considerations.
6.2 Livestock feed inputs and availability
Crop residues provide the predominant feed for the households in the surveyed communities 
in U.P. In all three surveyed clusters, ruminant livestock are fed a basal diet based on wheat 
bhusa largely throughout the year. In the central and eastern clusters this is seasonally 
complemented with rice straw. Where available, use is also made of other crop residues. In 
the Kanpur cluster maize stalks are used, particularly when cultivated for green cobs and the 
remaining green stalks are chaffed for feeding the animals. In the Faizabad cluster, stalks of 
pulses and oilseeds and leaves and other residues from small-scale vegetable cultivation (e.g. 
cabbage, cauliflower and carrot) are fed to bovines, small ruminants and pigs.
The Meerut cluster is located in the sugarcane belt in the NW part of U.P. Here sugarcane 
tops are commonly used as fodder and fed green from October to March. Tops are collected 
from the standing cane crop which can reportedly yield 15t/ha (fresh weight) of green 
tops. Sugarcane tops fed alone create an imbalance in the livestock according to farmers 
(also see Sansoucy et al. 1988). To minimize these ill-effects it is mixed with other crop 
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residues and by-products. The tops are chaffed with a chaff-cutter and are used to feed the 
livestock of both the landed households and the landless. The landless receive sugarcane 
tops as in-kind payment for stripping, harvesting and loading cane. Tops are also sometimes 
given to relatives, friends and local poor as a goodwill gesture. The trade in sugarcane tops 
seems largely confined to the sugarcane belt and therefore to the proximity to sugar mills. 
Sugarcane tops of an early crop and COS8432, a late season variety, provide a relatively high 
price (INR 0.4–0.5/kg) due to its harvest synchronizing with a period of fodder scarcity. The 
tops of COS 8432 variety were also reportedly preferred by animals. 
Green fodder is reportedly used by 3 out of 5 households in the surveyed communities (Table 
47). Approximately 5% of village cultivable area in the surveyed communities is planted each 
season to forage crops like sorghum, maize and berseem (Tables 27 and 28), with a tendency 
for this area to decline moving eastward. The cultivation of green fodder for the market was 
reportedly remunerative in the Meerut cluster, with INR 0.5–0.6/kg of green fodder and 
maize yielding an estimated 40 t of green fodder/hectare (e.g. see Annex 5:6). Still, compared 
to the neighbouring TGP, the cultivation of fodder crops is relatively limited in the Meerut 
cluster, a direct reflection of the widespread cultivation and use of sugarcane as alternative 
green fodder source. Most households had a chaff cutter, which was used for chopping 
the green fodders and for the crop residues not chopped during harvesting/threshing. 
Some households that did not own land met their fodder needs through sharecropping 
arrangements (batai).
Table 47. Use of feed sources (% of household)
Cluster
Other crop by-
product*
Compound 
 feed Grazing
Collected 
grasses/forage Green fodder
Meerut 67 18 0 25 63
Kanpur 100 26 36 53 60
Faizabad 67 3 56 75 62
Mean (s.d., n, p.) 78 (43, 18, ns) 16 (28, 18, ns) 31 (45, 15, ns) 50 (40, 15, ns) 62 (44, 18, ns)
*Other than crop residues or sugarcane tops.  
The basal diet of crop residues and sugarcane tops is generally complemented with a range 
of nutrient-dense types of crop by-products (Table 47). These by-products are fed as straights 
or as homemade mix and include a range of products like oilseed cakes, wheat bran, pulses/
oilseed residues and grounded grains of gram, wheat, maize and broken rice. They are both 
bought and own-farm by-products, with reportedly variable quality. There is some seasonal 
variation in their use, depending on availability and perceptions (e.g. mustard cake was 
reportedly ‘hot’). Only a fraction of the households reportedly use compound feed, a practice 
largely confined to one out of 4–5 households in the Kanpur and Meerut clusters (Table 
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47). The by-products and compound feeds are primarily used for lactating milch animals 
to increase milk yield. Their use is reported as either stable or increasing in the surveyed 
communities, although current feed rates appear to be low. The reported prices varied by 
locality but were generally less than the prevailing milk price (Table 24), costing INR 7–7.5/
kg in the Meerut cluster and INR 5–5.5/kg in the Faizabad cluster, and with a wider range, 
INR 5–8, in the Kanpur cluster. This suggests their increased use would show a good profit. In 
the same way, there were limited reports of mineral mixture purchases, despite known links 
between poor reproductive performance and mineral deficiencies. 
Bovines dominate western U.P. (Table 33) and with practically no grazing land in the Meerut 
cluster, the animals are generally stallfed in or near the household compound throughout the 
year. In central and eastern U.P., bovines are also primarily stallfed, but this is supplemented 
with grazing, particularly where bushy and barren sodic soils are available. These grazing 
lands are also important feed sources for small ruminants. As a result, there is an apparent 
gradient in the reliance of households on grazing in the surveyed communities, being non-
existent in the NW and increasing to 56% of households in the Faizabad cluster (Table 47). 
Still, grazing opportunities are highly location specific. For instance, in the Kanpur cluster, 
some villages hardly had any grazing land, whereas in some sodicity affected villages only 
half the village land was cultivated and the other half available for grazing. When there was 
no grazing, even goats were stallfed. In the same way as grazing, the use of collected grasses 
(e.g. from barren land, from field boundaries and roadsides) had a tendency to increase 
from 25% of households in the Meerut cluster to 75% in Faizabad (Table 47). U.P. thereby 
illustrates the W–E gradient in both grazing and collected forage in the IGP, from low levels 
in the TGP to high levels in the eastern plains (Erenstein et al. 2007a).
Overall fodder availability in the surveyed communities seemed more problematic in the 
central and eastern cluster, hampered by the limited irrigation infrastructure in these more 
marginal agro-ecologies. This was compounded by the seasonality of fodder, with some 
communities in the Faizabad cluster reporting a 4–6 months gap. For landed households 
forage is mainly home-produced and availability more manageable, particularly in the NW. 
Marginalized and landless households face a more dire scarcity of forage, often depending 
on a combination of grazing and the collection of grasses, tree leaves and crop residues 
from the farming community. In the eastern plains the prospects of grazing animals and 
collection of forage were aided by the relatively low opportunity cost of labour. There is also 
some variation over social groups, with, for instance, Yados in the Kanpur cluster following 
reportedly good fodder management practices.
Current feed management practices reflect farmers’ response to prevailing opportunities 
and constraints. Bovines are an integral part of the livelihood strategies of most landed 
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households throughout U.P., but their role was not perceived as primary income earners. 
Instead, bovines are more converters of readily available crop residues into milk both for 
household consumption and regular cash and herd growth as a means of accumulation. The 
landless households concentrated mainly on small ruminants and pigs in eastern U.P. with 
fast herd growth as an important means of accumulation and source of cash.
6.3 Livestock input to crop production
Traditionally male bovines were the main traction source in agriculture and rural transport. 
With increased tractorization, the relative importance of livestock in this respect has 
declined. However, although 90% of farm households use tractors for crop production in 
the surveyed communities, more than a 1/3 (also) use draught animals (Table 48). The use 
of draught animals is particularly widespread and stable in the Meerut cluster with 80% 
farm households reporting, despite all farm households also reportedly using tractors. This 
is a particular characteristic of the sugarcane belt, where draught animals (male buffalo 
and bullocks) are widely used for hauling cane to the mill and can be used for inter-row 
cultivation.  
Table 48. Comparative indicators of external and livestock input use for crop production (% 
of farm household reportedly using)
Cluster
Tractors  
use
Draught animals 
 use
Chemical 
fertilizers use FYM use
Meerut 100 b 80 b 100 100
Kanpur 93 ab 11 a 100 88
Faizabad 77 a 23 a 100 77
Mean (s.d., n, p.) 90 (19, 18, 0.09) 37 (41, 17, 0.01) 100 (0, 18, ns) 88 (27, 17, ns)
Data followed by different letters differ significantly – Duncan multiple range test (significance level: 0.10), 
within column comparison. 
In the sugarcane belt, tractors and draught animals are primarily complements. In contrast, 
in the Faizabad cluster tractors and draught animals are primarily substitutes, with farmers 
either using one or the other. This contrasting situation is directly associated with the relative 
tradeoffs between the utility and cost of these two traction options. In the Meerut cluster 
the maintenance cost of draught animals are kept in check by the widespread availability 
of sugarcane tops. The Faizabad cluster faces a more pronounced overall feed scarcity, but 
the utility of animal traction may be enhanced by a relative lack of tractor services, reduced 
working capital needs and the relative operational cost. Additional factors favouring animal 
traction there could be the small size of and scattered holdings, uneven topography of land 
and lack of timeliness in the availability of machinery. Overall though, tractors have already 
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displaced and continue to displace animal traction in the Kanpur and the Faizabad clusters, 
with respectively only a tenth and a quarter of the farm households continuing to use animal 
traction.
Soil degradation in intensive cropping systems threatens their sustainability. The universal 
use of chemical fertilizer across the surveyed communities thereby is an imperfect substitute 
for the use of farm yard manure (FYM). The balanced replenishment of nutrients and organic 
matter through recycling dung and agricultural wastes is generally acknowledged in the 
scientific community. In this respect it is promising to note that the use of FYM by farm 
households is widespread across surveyed communities, and reportedly universal in the 
Meerut cluster (Table 48). However, despite widespread use, quantities actually applied 
to crops are limited due to availability constraints. Compounding the availability is the 
alternative use of dung as household fuel. In the surveyed communities about half the 
annually collected dung was reportedly used as FYM with the other half used as fuel (Table 
49). Use of dung for biogas plants was uncommon. Our findings thereby differ from a recent 
survey (Beri et al. 2003, 35), which estimates 65% of manure in U.P. to be used as FYM, 
26% as dung cakes and 9% for biogas plants. The relative use of dung as manure or fuel is 
seasonal, with it mainly being used as fuel during the dry season and as manure in the rainy 
season. 
Table 49. Dung use (% of dung allocated to use)
Cluster As fuel As FYM Other
Meerut 34 66 0
Kanpur 49 51 0
Faizabad 52 47 2
Mean (s.d., p.) [n=18] 45 (17, ns) 54 (17, ns) 1 (2, ns)
 
Dung is typically collected in open heaps on or near the homestead within the village 
perimeter. No composting was reported. Dung cakes for fuel are produced manually 
mainly during the dry season so as to dry properly in the open. They are stored in the open 
in elaborate stacks, which sometimes are sealed with dung plaster to protect against the 
elements (see Annex 5). Dung cakes are typically produced by women and used for both 
own household use and sale, the latter being an additional source of income for small 
farmers and landless households. The use of dung cakes at household level is likely to vary 
depending on the availability of alternative fuel sources. There is a (non-significant) tendency 
for the relative share of manure to be used as fuel to increase proceeding east, with 1/3 being 
used in the Meerut cluster as against 1/2 in the Faizabad cluster. 
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6.4 Assessing crop–livestock interactions
The complementarities between crop and livestock production are often idealized and seen 
as building blocks for socio-economic development and environmental sustainability. The 
complementarities thereby reflect assumed mutually beneficial interactions and synergies 
between crops, livestock and human livelihoods. The current study once more confirms 
the complementarities between crop and livestock production, but questions the extent to 
which this is based on mutually beneficial crop–livestock interactions. Clearly, livestock 
production and costs benefit from a widespread reliance on the use of crop residues, grasses, 
weeds and other agricultural wastes for feed purposes. However, the beneficial return 
flows from livestock to crop production seem more limited. Traction services have largely 
been substituted by tractorization and the soil fertility maintenance function of FYM to a 
large extent substituted by chemical fertilizers and thwarted by competing household fuel 
demands. 
Combining crop and livestock production implies a more diverse livelihood portfolio and 
reduces risk. The two enterprises also have different resource use patterns (particularly 
labour and cash flow) which imply complementarities and potential resource savings at the 
household level by allowing more efficient resource use. Farm income also becomes more 
regular. Proceeds from crop sales are highly seasonal and often realized once or twice a year, 
whereas proceeds from the sale of milk, meat, young stock etc. can be more regular and 
more flexible. Financial interactions between the livestock and crop enterprise are reportedly 
important in the surveyed communities. In all surveyed villages it was reported that financial 
proceeds from livestock production are used to meet crop production expenses and vice-
versa. Livestock also provides an investment and accumulation opportunity. 
The group meetings discussed the advantages and disadvantages of crop–livestock 
interactions. These tended to highlight the importance of the crop and livestock enterprises in 
terms of contributing to household income and household consumption (milk, manure, fuel), 
the more regular income and their complementarities in terms of labour use and ability to 
use crop by-products. Only one case specifically reported risk considerations in case of crop 
failure. In terms of disadvantages mention was made of stray male cattle being a nuisance in 
certain communities. 
The surveyed communities in U.P. presented a range of crop–livestock integration. The 
most integrated systems were observed in the Meerut cluster, with the most pronounced 
complementarities between crop (sugarcane) and livestock production (dairy, draught). The 
crop–livestock interactions thereby underpinned livelihood security, but did not really drive 
any system change. In the Faizabad cluster the systems were most diversified, both in terms 
of crops and livestock produced, but integration between the two was relatively limited.  
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7 Discussion and recommendations
7.1 Livelihood security and environmental sustainability
The surveyed communities show significant diversity in terms of livelihood security. They 
thereby aptly illustrate that poverty in U.P. is the result of low levels of assets, combined 
with low and uncertain returns (World Bank 2002). In NW U.P. the asset base and returns 
are relatively favourable. The livelihoods of landed households are quite comfortable, 
particularly when farm size is reasonable, in view of the well established irrigation systems 
and market infrastructure for major crops such as sugarcane, paddy and wheat. The Meerut 
cluster thereby characterizes the sugarcane belt, where this remunerative low labour 
demanding crop prevails and shapes the rural economy. Dairy buffalo provide a significant 
complementary income source at a relatively low feeding cost due to adequate availability 
of sugarcane tops, wheat and rice straw and with an ample milk market to tap into. The 
proximity to the nation’s capital and associated urban sprawl inflates wage rates and provides 
employment opportunities to the landless households. Interlinking of labour and fodder 
markets provides labourers with access to sugarcane tops and thereby enables them to 
maintain dairy livestock to supplement their income. 
The relatively favourable prospects for Meerut have also been noted and analysed in 
an earlier study (Sharma and Poleman 1994). They noted the remarkable tendency of 
smallholders to catch up with the big farmers and reduce income disparities. They attributed 
this to three major mechanisms of income diffusion: off-farm diversification, dairying and 
the cultivation of labour-intensive high value crops. The relatively favourable context of the 
NW U.P. has also been reported in the village of Palanpur (Modarabad district—World Bank 
2002, 44). In the years since 1957, three major forces of change shaped the evolution of 
its village economy. First, population growth exerted relentless pressure on the land base. 
Second, the ‘Green Revolution’ of the 1960s and 70s brought agricultural intensification. 
Third, it increasingly diversified into non-agricultural activities.
Central and eastern U.P. thereby present a comparatively dismal picture. Poor soils, costly 
and scarce irrigation, poor crop yields, small and fragmented farm holdings all make farming 
less profitable, particularly for small farmers. Inequitable distribution of land implies the 
few large farmers are relatively comfortable. Overall economic growth is slow providing 
few employment and diversification opportunities. Population growth is positive and leads 
to further fragmentation and keeps wage rates low. High dependence on rains for crop 
production, lack of institutional finance and veterinary and extension services add to the 
uncertainties of rural livelihoods. Resource constraints encourage goat rearing and piggery 
as a supplementary income source for small farmers and landless households. Relatively 
unfavourable prospects of eastern U.P. have also been reported elsewhere (Trivedi 2006). 
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The surveyed communities thereby reiterate that the poor in U.P. are highly heterogeneous, 
‘ranging from the truly destitute who have nothing and at best manage to survive, to 
households that are building assets and accumulating small surpluses, well on their way to 
climbing out of poverty’ (World Bank 2002, 11).
Whereas the environment clearly shaped the livelihoods, the implications of current 
livelihoods for the environment were less obvious. Whereas irrigation prevails in the Meerut 
cluster, overexploitation of groundwater as reported in the TGP seems less of an issue in the 
sugarcane belt and was only mentioned in one community. This reflects more significant 
recharge from rain and the Yamuna and other rivers. The Kanpur and Faizabad clusters 
are unfortunate to have a sizable area of sodic soils. The communities are coping with the 
situation, without any apparent further deterioration. Sodic lands can be reclaimed to a 
certain extent, but this implies significant investments out of reach to the rural communities. 
The intensive use of cereal residues in U.P. implies the residues remaining in the field at the 
time of land preparation are relatively limited. As a result, farmers less often resort to the in 
situ burning of crop residues as land preparation measure, reducing the extent of seasonal 
atmospheric pollution that characterizes the TGP. The downside is that the prevailing crop 
residue extraction and limited return flows of organic matter/FYM imply a continuous 
mining of soil organic matter. Soil fertility is further undermined by unbalanced fertilizer 
use. Particularly in the Meerut cluster, N rates are excessive (up to 300 kg N/ha) and Zn/S 
availability may be problem. Continued population growth will exert increasing pressure on 
the fragile resource base and environment. 
Two issues stand out from the current study. First, the west–east divide of U.P., with its 
implications for livelihood assets, livelihood strategies and crop–livestock interactions. In 
many ways U.P. illustrates the transition and gradient from the TGP in the NW (Erenstein et 
al. 2007b) to the eastern plains (Thorpe et al. 2007). Second, the present study illustrates 
the trade-offs between socio-political and agro-ecological boundaries. The four subregions 
generally used to subdivide the IGP are a hybrid of agro-ecological criteria and socio-
political district and state boundaries. However, in terms of agro-ecology at least, the Meerut 
cluster (UGP) seems to have more in common with the Kurukshetra and Patiala clusters 
(TGP) to its west than the Kanpur and Faizabad clusters to its east. Similarly, the semi-arid 
Hisar cluster (TGP) with its fodder scarcity and limited irrigation facilities presented some 
similarities with the Kanpur and Faizabad clusters (UGP). 
7.2 Outlook and constraints
Despite the contrasting scenarios in U.P., the situation in the surveyed clusters appeared 
relatively stagnant and without any clear future direction. In the Meerut cluster there 
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was limited incentive for change, although ongoing urban sprawl calls into question the 
feasibility of continuing the current agricultural production systems over the coming 
decades. In the Kanpur and Faizabad clusters, change was most needed but least obvious 
in view of the miscellaneous constraints hampering agricultural intensification and further 
diversification into agricultural and non-agricultural activities. The limited human capital 
and the social structure further undermine these options. For instance, investment in 
education as an attempt to break through caste barriers is not necessarily successful (Jeffrey 
et al. 2004). Education and health issues were also raised in the surveyed communities. 
The extent and quality of public services provided thereby seem a constraint for future 
development. A striking example is the road infrastructure, whose capacity and quality seems 
woefully inadequate to support the bourgeoning population and enable economic growth 
opportunities in urban and rural areas alike. 
The surveyed communities were probed about their future outlook. Farming households 
generally wanted to expand their crop production activities. In the NW, emphasis was 
primarily on more sugarcane, reiterating the crops’ profitability, ease of management 
and proximity to sugar mills. Sugarcane also appeared as the prospective choice in two 
communities in the Faizabad cluster, reflecting the opening of a new sugar mill in the area. 
The lack of proximity of a sugar mill curtailed the prospects of sugarcane expansion in the 
other communities. In the Kanpur and Faizabad clusters, a number of communities intended 
to expand vegetable cultivation, although one such community in the Kanpur cluster flagged 
their problematic market access due to the road condition. One community in the Kanpur 
cluster saw prospects in oilseed crops, although diseases were raised as potential constraint. 
Particularly in the Faizabad cluster, crop expansion prospects were primarily curtailed by lack 
of irrigation facilities and the irrigation cost of diesel operated wells. Irrigation infrastructure 
was not an issue in the Meerut cluster, although there were complaints about the erratic 
electricity supply. Increasing production costs, financing constraints and indebtedness were 
also flagged. In the Kanpur and Faizabad clusters, surveyed communities also saw prospects 
in increasing livestock production, particularly dairy, both through herd expansion and 
herd improvement. These prospects were however hampered by feed constraints and milk 
marketing. Only in the Meerut cluster did the majority of communities not see prospects for 
livestock expansion, particularly in relation to labour constraints. 
The prospects for the landless are particularly meagre in the central and eastern clusters. 
Unskilled labour is their basic asset, but the prevailing wage rate is low and the value of that 
asset will continue to be eroded in view of continued population growth and limited growth 
in labour intensive sectors. Indeed, finding sufficient employment was one of their pressing 
problems. Landless mentioned a range of additional problems, including access to land, 
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access to knowledge/government services, finance, fodder and animal health/death. The 
coping strategy of seasonal migration towards Punjab and Haryana is also threatened by the 
agricultural stagnation and advent of labour saving technologies in the TGP.
7.3 Agenda for action
As in the other three subregion reports, the scoping study for U.P. has set out to present 
primary information from village-level surveys, to relate the information to secondary 
sources, and to draw some broad conclusions that address the interface of U.P.’s crop 
and livestock subsectors. Specifically it has focused on the management of crop residues 
because of their importance as ruminant livestock feeds and their role in natural resource 
management. The intention was not to provide any definitive answers or recommendations, 
but rather to flag issues for research. 
In the parallel report on the TGP (Trans-Gangetic Plains), Erenstein et al. (2007b) highlight 
the need in the TGP—India’s ‘breadbasket’ and the heartland of the Green Revolution—for 
a more enabling environment for economic and human development with two specific 
objectives: to enhance the human capital base and skills through basic education; and to 
stimulate the economic growth of the secondary and tertiary sectors to absorb surplus labour 
from the primary sector and the rural landless. As has been outlined in the previous section 
of this report, these priorities for action equally apply to NW U.P. and are even more urgent 
in central and eastern U.P. where low productivity and poverty are endemic. Excess labour 
and low wages undermine the livelihoods of the rural poor. The bulk of farms is fragmented 
and too small to make a decent living from farming alone. U.P. would thereby benefit from 
additional remedial measures to check population growth through family planning and 
female education. Addressing gender and equity issues, particularly for women and lower 
castes, is not properly recognized.
The second intervention identified for the TGP, a more enabling environment for agricultural 
development, also needs to be urgently addressed in U.P. Agriculture has an important role 
in driving pro-poor economic growth, largely by default, as there are few other candidates 
with the same potential for supporting broad-based pro-poor growth (Kydd et al. 2004; 
World Bank 2007). Despite some of the lessons from the Green Revolution, there are, 
however, still immense challenges to agricultural and poverty-reducing growth in U.P. Policy 
needs to recognize and address the diversity of institutional, infrastructural, technological 
and governance challenges to enable broad-based growth and provide the poor both the 
means and viable options to escape poverty. Most of the proposed policy interventions 
include the usual suspects and have been enlisted before. For instance, Bajpai and Volavka 
2005 enlist: increased focus on irrigation; increased expenditure in agricultural research 
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and development; capacity expansion in U.P.’s agricultural universities; diversification of 
crops; revamping of the agricultural extension system to assist farmers in adopting new 
technologies; building up rural infrastructure, and promotion of agro-based industries.
Our study largely supports the need for such interventions. Water management is an area 
needing concerted attention to improve the prospects of farming livelihoods in central 
and eastern U.P. Similarly, the poor and creaking rural infrastructure is one of the major 
hindrances to the intensification and diversification of agriculture, even in relative proximity 
to urban centres. The development of agricultural value chains merits particular attention. 
Despite the potential of dairy, the sector seemed to be held back by the prevailing and 
underdeveloped milk marketing system. The relatively low prices of wheat and paddy below 
the MSP and limited procurement channels are a source of discouragement for the farmers. 
Our study also flags the need to ground agricultural development interventions on a better 
understanding of livelihood systems and the need to strengthen such capacity in the 
research and extension services. Indeed, there is an on-going need to better understand the 
rationale for farmers’ practices and reluctance to adopt certain ‘recommendations’ if we are 
to reduce the ‘yield gap’ for most crops. Similarly the limited use of livestock services and 
recommendations (like AI, balanced feed) seemed to be the combined result of both the 
limited institutional capacity and limited relevance of some of the technologies. Yet there 
seems considerable potential and pay-off to enhancing dairy productivity through better 
feeding practices. This calls for a better understanding of the constraints faced by farmers 
to develop viable enhancement options. The potential to increase fodder yield and quality 
through improved varieties is one field that merits follow-up. A specific example is the 
widespread use of sugarcane tops in the Meerut cluster that reportedly caused imbalances in 
the animals. The livestock improvement and development efforts also seem biased towards 
the dairy sector, neglecting the poverty-alleviation potential of enhancing small ruminants. 
Cross-cutting action research needs for the IGP
The present study and its companion studies also highlight a set of specific research needs 
that cut across the subregions. These specific needs relate to the land use systems of the IGP 
and their crop, livestock and crop–livestock interaction components and include action-
research to:
Understand and address local variation in land use systems and the resulting •	
constraints and opportunities for diversification and intensification;
Address key issues including community action for improved management of land, •	
water and livestock resources and ways to increase market access for inputs (including 
knowledge) and outputs;
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Improve the productivity of the staple crops, including through identifying resource-•	
conserving technologies (RCTs), while factoring in any trade-off effects on the feeding 
of crop residues to livestock; and, related to that,
Investigate whether variation in rice, wheat and maize varieties for fodder quality i. 
(nutritional value) is an avenue for increasing the available quantity and quality of 
crop residues for feeding goats, cattle and buffalo; and, 
Investigate organic matter (OM) management and particularly crop biomass ii. 
management issues impacting on the prevalent crop–livestock livelihood strategies of 
landed and landless households, taking account of the multiple functions of the crop 
residues and of the various livestock species within a household and community.
Central to achieving the overall goals of improving livelihoods and more sustainably using 
natural resources in the IGP will be strengthening the client orientation and productivity of 
the agricultural R&D community. Research on crop–livestock interaction can serve as a good 
entry point for that process.
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Annex 2. Area, yield and production of major crops in IGP states 
Crop State
1974–75 2003–04
Area 
(× 103 ha)
Production 
(× 103 t)
Yield 
(kg/ha)
Area 
(× 103 ha)
Production 
(× 103 t)
Yield 
(kg/ha)
Wheat 
Punjab 2213 5300 2395 3444 14489 4207
Haryana 1117 1954 1749 2303 9134 3966
U.P. 6152 7176 1164 9150 25567 2794
Bihar 1478 2000 1353 2119 3778 1783
W. Bengal 422 837 1984 426 986 2315
All-India 18010 24104 1338 26581 72108 2713
Rice
Punjab 569 1179 2072 2614 9656 3694
Haryana 276 393 1426 1016 2793 2749
U.P. 4530 3523 778 5952 13012 2187
Bihar 5228 4540 868 3557 5393 1516
W. Bengal 5420 6543 1207 5857 14662 2504
All-India 37889 39579 1045 42496 88284 2077
Maize
Punjab 522 898 1720 154 459 2981
Haryana 124 125 1010 15 38 2573
U.P. 1394 827 593 947 1319 1392
Bihar 881 572 650 607 1440 2374
W. Bengal 46 52 1137 41 97 2359
All-India 5863 5559 948 7322 14929 2039
Sugarcane
Punjab 123 6150 50,000 123 7870 64,000
Haryana 161 5910 37,000 161 9340 58,000
U.P. 1492 61479 41,000 2030 112754 56,000
Bihar 141 5568 40,000 103 4222 41,000
W. Bengal 29 1682 58,000 17 1268 Na
All-India 2894 144289 50,000 3995 236176 59,000
Total 
Pulses
Punjab 328 245 746 48 48 824
Haryana 781 374 479 196 149 740
U.P. 3154 2185 694 2708 2339 886
Bihar 1554 867 558 684 562 824
W. Bengal 682 376 550 252 30 840
All-India 22024 10020 455 23440 14940 637
Total 
Oilseeds
Punjab 368 290 790 87 102 1167
Haryana 214 149 694 640 990 1547
U.P. 3784 1927 509 1140 928 814
Bihar 296 132 446 149 125 842
W. Bengal 204 75 369 684 651 952
All-India 17313 9152 529 23700 25290 1067
Cotton
Punjab 547 373 452 414
Haryana 246 311 526 372
U.P. 35 118 150
Bihar – – – –
W. Bengal – – – –
All-India 7630 370
Source: MoA (2005b).
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Annex 3. Survey team members
Name Institution
Participation in cluster (team)
Meerut Kanpur Faizabad
Dr Joginder Singh PAU (Ludhiana) A A A
Dr Bill Thorpe ILRI-India (Delhi) A A A
Dr ML Jat PDCSR (Modipuram) A
Rajesh Rai CSAUA&T (Kanpur) A
Neemisha Awastha CSAUA&T (Kanpur) A
Dr AK Rai NDUAT (Kumarganj) A
Dr DV Rangnekar Consultant/Independent B B B
Manjinder Singh Research associate B B B
Dr AK Singh PDCSR (Modipuram) B
Dr Surinder Singh PDCSR (Modipuram) B
Dr AK Singh CSAUA&T (Kanpur) B
Dr Shailender Kumar NDUAT (Kumarganj) B
Dr Deepa Verma NDUAT (Kumarganj) B
Dr RA Singh NDUAT (Kumarganj) B
Dr Arun Varma Retired (Ex ADG ICAR) C C C
Dr Olaf Erenstein CIMMYT-India (Delhi) C C C
Dr MP Singh PDCSR (Modipuram) C
Dr BR Gupta CSAUA&T (Kanpur) C
Dr Kanti Prasad NDUAT (Kumarganj) C
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e l
oc
at
io
n 
No
 fo
rm
al
 ed
uc
ati
on
 
 
Pr
im
ar
y 
lev
el 
 
Se
co
nd
ar
y 
lev
el
 
 
Hi
gh
er
 le
ve
l  
 
In
tro
du
ct
io
n 
St
ar
t b
y s
ett
in
g 
th
e s
ce
ne
 –
 cr
ea
te 
co
mm
on
 u
nd
er
sta
nd
in
g 
fo
r w
ho
le 
gr
ou
p.
 
Fo
cu
s: 
Cr
op
 re
sid
ue
 m
gt
 –
 li
nk
ag
e b
etw
ee
n 
cr
op
 a
nd
 li
ve
sto
ck
 m
gt
. C
ha
ng
es
 a
nd
 
im
pl
ica
tio
ns
. P
ro
bl
em
s a
nd
 so
lu
tio
ns
. Q
ue
sti
on
s t
yp
ica
lly
 a
ss
es
s i
nd
ica
to
rs
 o
f c
ha
ng
e -
 
try
 to
 u
nd
er
sta
nd
 w
hy
. W
rit
e d
ow
n 
an
y r
ela
ted
 in
fo
rm
at
io
n 
on
 a
dd
iti
on
al
 sp
ac
e/s
he
ets
.  
W
he
n 
es
tim
at
in
g 
%
 sh
ar
es
 o
f p
op
ul
at
io
n,
 a
sk
 “
ou
t o
f 1
0 
fa
rm
er
s i
n 
th
is 
lo
ca
tio
n,
 h
ow
 
ma
ny
…
”.
 Y
ou
 d
on
’t 
ha
ve
 to
 g
et 
a 
co
ns
en
su
s. 
If 
th
is 
is 
th
e c
as
e, 
in
di
ca
te 
ra
ng
e o
f 
an
sw
er
s. 
 
Th
e e
xe
rc
ise
 d
oe
s n
ot
 h
av
e t
o 
be
 “
lin
ea
r”
- f
or
 ex
am
pl
e, 
if 
th
e p
ar
tic
ip
an
ts 
gi
ve
 a
ns
we
r 
fo
r s
ub
se
qu
en
t q
ue
sti
on
s a
t t
he
 sa
me
 ti
me
, n
ot
e t
he
 a
ns
we
r d
ow
n 
an
d 
do
n’
t a
sk
 a
ga
in
! 
W
rit
e d
ow
n 
an
y a
dd
iti
on
al
 re
la
ted
 d
isc
us
sio
n.
 T
ry
 to
 in
vo
lve
 a
ll 
pa
rti
cip
an
ts 
in
 
di
sc
us
sio
n.
  
Nu
m
be
r o
f f
ar
m
er
 p
ar
tic
ip
an
ts:
 …
…
# 
of
 w
om
en
 am
on
g 
pa
rti
cip
an
ts:
 …
…
1 
La
nd
 re
so
ur
ce
  
To
ta
l v
ill
ag
e l
an
d 
ar
ea
 (h
a)
: …
…
…
 
 
 
Pr
iv
at
e i
rri
ga
te
d 
 
(sp
ec
ify
 m
ai
n 
so
ur
ce
…
…
…
…
…
…
…
)a
Pr
iv
at
e r
ain
fe
d 
Co
m
m
un
al 
 
Di
vi
de
 v
ill
ag
e a
re
a 
by
 la
nd
 ty
pe
  
 
 
 
(c
he
ck
 to
ta
l =
 
10
0%
 o
r v
ill
ag
e 
ar
ea
) 
Pr
ev
al
en
t n
um
be
r 
of
 cr
op
s p
er
 y
ea
r 
Re
nt
al 
pr
ice
 (R
s 
pe
r y
ea
r p
er
 h
a)
  
Pu
rc
ha
se
 p
ric
e  
(R
s p
er
 h
a)
 
a e
.g
. 1
. C
an
al
; 2
. E
lec
tri
c t
ub
ew
ell
; 3
. D
ies
el 
tu
be
we
ll;
 4
. O
th
er
…
…
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2 
M
ai
n 
ty
pe
s 
of
 c
ro
ps
 g
ro
wn
Fi
rs
t a
ss
es
s t
he
 ty
pe
s a
nd
 ag
gr
eg
at
e a
re
a o
f c
ro
ps
 an
d f
od
de
r t
ha
t a
re
 gr
ow
n i
n t
he
 ar
ea
 
(fi
rs
t c
ol
um
n)
. 
Se
as
on
 
Ty
pe
 (u
se
 la
rg
e c
at
eg
or
ies
, e
g 
pu
lse
s, 
ve
ge
ta
bl
es
)
In
di
ca
tiv
e a
gg
re
ga
te 
ar
ea
 (h
a)
 
%
 of
 fa
rm
er
s 
gr
ow
in
g c
ro
p 
Kh
ar
if 
Ri
ce
 
 
 
 
Ba
sm
ati
 ri
ce
 
 
 
 
Su
ga
rc
an
e 
 
 
 
Ve
ge
tab
les
 
 
 
 
Fo
ra
ge
 (s
pe
cif
y …
…
…
…
…
.) 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Fa
llo
w 
 
 
Co
m
m
un
al 
lan
d 
 
(c
he
ck
 se
as
on
al
 to
ta
l =
 
10
0%
 or
 vi
lla
ge
 ar
ea
) 
Ra
bi
 
W
he
at 
 
 
 
Ve
ge
tab
les
 
 
 
 
Pu
lse
s 
 
 
 
Fo
ra
ge
 (s
pe
cif
y …
…
…
…
…
.) 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Ot
he
rs…
…
…
 
 
 
 
Fa
llo
w 
 
 
Co
m
m
un
al 
lan
d 
 
(ch
ec
k s
ea
so
na
l t
ot
al
 =
 
10
0%
 or
 vi
lla
ge
 ar
ea
) 
Li
st 
an
y s
ig
ni
fic
an
t c
ha
ng
es
 in
 cr
op
s o
ve
r l
as
t d
ec
ad
e: 
 
Cr
op
s a
re
a d
ec
re
as
ed
 
Cr
op
s d
ro
pp
ed
 ou
t 
Cr
op
s a
re
a i
nc
re
as
ed
 
Cr
op
(s)
 
 
 
 
W
hy
 
 
Do
 sm
al
l a
nd
 la
rg
e l
an
dh
ol
di
ng
s g
ro
w 
di
ffe
re
nt
 ty
pe
s o
f c
ro
ps
?:
 1.
 Y
es
; 0
. N
o 
Cr
op
s m
ain
ly
 gr
ow
n b
y s
m
all
 ho
ld
er
s 
(<
4 h
a)
 
Cr
op
s m
ain
ly
 gr
ow
n b
y l
ar
ge
 ho
ld
er
s 
(?
4 h
a)
 
3 Livestock population
Type % of 
households 
keeping 
livestock 
Total number 
of animals in 
village (to 
nearest 10)
Trend over 
last decade 
(1-Up;  
2-Down;  
3-Same)
Why  
(reason for up or down 
trend) 
Who owns 
(0-Landless, 
1-Small,  
2- Large,  
3-All)
Main feeding 
system  
(1-Only grazing, 
2-Stall feeding,  
3-Both)
Buffalo milch       
Dairy cattle (indigenous)       
Dairy cattle (cross bred)       
Draft animals (main purpose  
1.transport; 2. crop 
production) 
Type ……………. 
      
Sheep       
Goat       
Pigs       
Poultry       
Others…       
Others…       
Of all livestock dung produced in the village, how much is… 
Use of dung % of total 
Used as fuel  
Used as manure  
Other …  
Not used/wasted  
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4 
Li
ve
lih
oo
d 
ty
pe
s 
M
ai
n 
liv
eli
ho
od
 ac
tiv
ity
 
As
se
ss
 th
e 
ma
in
 s
ou
rc
es
 o
f l
ive
lih
oo
d 
in
 th
e 
ar
ea
. S
ta
rt 
by
 a
sk
in
g 
th
e 
typ
e 
of
 a
cti
vit
y 
(c
ro
p, 
liv
es
to
ck
 et
c…
). 
On
ly 
af
ter
, t
ry
 to
 as
se
ss
 th
e i
mp
or
ta
nc
e o
f e
ac
h a
cti
vit
y (
%
). 
To
 do
 
th
is,
 a
sk
 “
ou
t o
f 1
0 
fa
rm
er
s 
in
 th
e 
ar
ea
, h
ow
 m
an
y 
ar
e 
ma
in
ly 
cr
op
 fa
rm
er
s 
” 
If 
yo
u 
ca
nn
ot
 ge
t a
 co
ns
en
su
s, 
in
di
ca
te 
ra
ng
e o
f a
ns
we
r. 
Ac
tiv
ity
 
%
 h
ou
se
ho
ld
s i
n 
th
e l
oc
at
io
n 
wh
o d
er
iv
e a
 
m
ai
n 
pa
rt
 of
 th
eir
 li
vi
ng
 fr
om
 th
e a
ct
iv
ity
 
Cr
op
 fa
rm
in
g 
Li
ve
sto
ck
 re
ar
in
g 
Em
pl
oy
m
en
t o
n o
th
er
 fa
rm
s 
Se
lf 
em
pl
oy
m
en
t (
e.g
. b
us
in
es
s) 
Em
pl
oy
m
en
t o
ut
sid
e t
he
 d
ist
ric
t 
Ot
he
r, 
sp
ec
ify
 
Br
ea
kd
ow
n 
of
 m
ai
n 
liv
eli
ho
od
 ac
tiv
ity
 b
y l
an
dh
ol
di
ng
 
Su
bd
ivi
de
 th
e h
ou
se
ho
ld
s b
y t
he
ir 
la
nd
ho
ld
in
g. 
As
se
ss
 co
rr
es
po
nd
in
g m
ai
n s
ou
rc
es
 of
 
liv
eli
ho
od
 us
in
g p
re
vio
us
 ca
teg
or
ies
.
La
nd
ho
ld
in
g 
%
 ho
us
eh
ol
ds
 in
 th
e l
oc
ati
on
 
Pr
ed
om
in
an
t i
nc
om
e s
ou
rc
e 
La
nd
les
s b
ut
 “r
ich
” 
 
 
La
nd
les
s a
nd
 “p
oo
r”
 
 
 
Sm
all
 (<
 4 
ha
) 
 
 
La
rg
e (
?4
 h
a)
 
 
 
No
te:
 L
an
dl
es
s d
o n
ot
 cu
lti
va
te 
la
nd
. C
he
ck
 w
ith
 fi
rs
t p
ag
e f
or
 to
ta
l n
um
be
r o
f l
an
dl
es
s 
an
d f
ar
me
rs
. 
5 
No
n-
fe
ed
 in
pu
ts
 a
nd
 s
er
vi
ce
s 
fo
r l
iv
es
to
ck
 a
ct
iv
iti
es
 
%
 h
ou
se
ho
ld
s 
us
in
g 
An
y s
ig
ni
fic
an
t 
ch
an
ge
 in
 us
e o
ve
r 
las
t d
ec
ad
e 
W
hy
 (r
ea
so
n f
or
 
ch
an
ge
, e
.g.
 
av
ai
la
bi
lit
y)
AI
 se
rv
ice
s 
 
Bu
ll 
se
rv
ice
s 
 
Ve
ter
in
ar
y s
er
vi
ce
s 
 
Ex
ten
sio
n m
es
sa
ge
s 
 
Ot
he
r i
np
ut
s, 
sp
ec
ify
: 
…
…
.. 
 
 
 
Ot
he
r s
er
vi
ce
s, 
sp
ec
ify
: …
…
 
 
 
 
6 
In
pu
ts
 a
nd
 s
er
vi
ce
s 
fo
r c
ro
p 
ac
tiv
iti
es
 
%
 fa
rm
er
s u
sin
g 
Ch
an
ge
s i
n u
se
 
ov
er
 la
st 
de
ca
de
 
W
hy
 (r
ea
so
n 
fo
r 
ch
an
ge
) 
Pu
rc
ha
se
d 
im
pr
ov
ed
 
se
ed
  
 
 
 
Ch
em
ica
l f
er
til
ize
r 
 
 
 
M
an
ur
e 
 
 
 
He
rb
ici
de
s
 
 
 
Tr
ac
to
rs 
 
 
 
 
Co
m
bi
ne
 ha
rv
es
ter
  
 
 
 
Dr
af
t a
ni
m
als
 (s
pe
cif
y 
m
ain
 u
se
: 1
. t
ill
ag
e; 
2. 
we
ed
in
g;
 3
. m
ar
ke
tin
g)
 
 
 
 
Ex
ten
sio
n m
es
sa
ge
s 
 
 
 
Ot
he
r i
np
ut
s, 
sp
ec
ify
:…
…
 
 
 
 
Ot
he
r s
er
vi
ce
s, 
sp
ec
ify
: …
…
 
 
 
 
Nu
m
be
r o
f t
ra
ct
or
s i
n v
ill
ag
e: 
…
…
 
Nu
m
be
r o
f c
om
bi
ne
rs
 in
 vi
lla
ge
: …
…
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7 
M
ar
ke
tin
g 
of
 fa
rm
 p
ro
du
ct
s 
7.
1 
Sa
le
s 
of
 m
ai
n 
cr
op
s 
an
d 
liv
es
to
ck
 p
ro
du
ct
s 
 
Pr
od
uc
e 
%
 of
 av
er
ag
e 
pr
od
uc
tio
n s
ol
d o
r 
ex
ch
an
ge
d 
M
ain
 m
ark
et 
ou
tle
t
Pr
ice
 1
W
he
at 
 
 
 
Ri
ce
 
 
 
 
Ba
sm
ati
 ri
ce
 
 
 
 
Ot
he
r c
ro
ps
…
.. 
 
 
 
Ot
he
r c
ro
ps
…
.. 
 
 
 
Ot
he
r c
ro
ps
…
.. 
 
 
 
Ot
he
r c
ro
ps
…
…
 
 
 
 
 
 
 
 
M
ilk
 
 
 
 
Du
ng
 as
 m
an
ur
e 
 
 
 
Du
ng
 as
 fu
el 
 
 
 
1 I
nd
ica
te 
if 
pr
ice
 is
 se
as
on
al 
an
d p
ro
vid
e c
or
re
sp
on
din
g r
an
ge
. 
7.
2 
Sa
le
s 
of
 a
ni
m
al
s 
W
he
re 
ar
e s
ur
plu
s a
ni
m
als
 m
ain
ly 
so
ld?
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 co
m
m
un
ity
, …
. 
Ho
w 
re
gu
lar
 is
 th
e s
ale
 of
 su
rp
lu
s 
an
im
als
 as
 so
ur
ce
 of
 in
co
me
? 
1. 
Re
gu
lar
;  
2. 
Irr
eg
ula
r (
sp
or
ad
ic 
sa
les
, a
s n
ee
de
d, 
etc
.)
Ty
pe
s o
f a
nim
als
 
Pr
ice
 1
Lo
ca
l c
att
le 
 
 
Cr
os
sb
re
d c
att
le 
 
Bu
ffa
lo
 
 
1 U
se
 H
eif
er
 pr
ice
 (3
6 m
on
ths
 an
im
al)
 fo
r b
uff
alo
 an
d c
att
le.
 In
dic
ate
 if
 pr
ice
 is
 se
as
on
al 
an
d p
ro
vid
e c
or
re
sp
on
din
g r
an
ge
. 
8 
Cr
op
 re
si
du
e 
us
e
In
 th
is 
se
cti
on
 w
e l
oo
k a
t c
ro
p r
es
idu
es
 on
ly 
– i
.e.
 th
e d
ry
 fo
dd
er
/st
ra
w 
as
 by
pr
od
uc
t f
ro
m 
cr
op
 pr
od
uc
tio
n. 
Ne
xt 
se
cti
on
 in
clu
de
s g
re
en
 fo
dd
er
 an
d o
the
r b
yp
ro
du
cts
.  
Ar
e c
ro
p r
es
id
ue
s c
oll
ec
ted
 to
 be
 us
ed
 as
 li
ve
sto
ck
 fe
ed
 ex
 si
tu?
 1.
 Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
%
 of
 fa
rm
s u
sin
g 
 
 
 
M
ain
 li
ve
sto
ck
 ty
pe
s 
fo
r w
hi
ch
 us
ed
 
 
 
 
Ho
w 
ar
e r
es
idu
es
 
co
lle
cte
d f
ro
m
 fi
eld
? 
 
 
 
Ch
an
ge
s i
n u
se
 (i
f 
an
y)
 
 
 
Ar
e c
ro
p r
es
id
ue
s p
ro
ce
sse
d 
(e
.g.
 ch
op
pe
d)
 be
fo
re
 us
e a
s f
ee
d?
 1.
 Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
Ho
w 
ar
e r
es
idu
es
 
pr
oc
es
se
d?
 
Pr
ob
lem
s w
ith
 
pr
oc
es
sin
g (
if 
an
y)
Nu
m
be
r o
f c
ho
pp
ers
 
in 
vil
lag
e 
Ar
e c
ro
p r
es
id
ue
s s
to
re
d 
fo
r l
ate
r u
se
? 1
. Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
Du
rat
io
n 
 
 
 
Ho
w 
ar
e r
es
idu
es
 
sto
red
? 
 
 
 
Pr
ob
lem
s w
ith
 
sto
rag
e (
e.g
. s
po
ila
ge
, 
fir
e, 
ro
de
nts
, e
tc…
)
 
 
 
Ar
e c
ro
p r
es
id
ue
s u
se
d f
or
 ot
he
r u
se
s t
ha
n l
iv
es
to
ck
 fe
ed
? 1
. Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
Li
st 
typ
es
 of
 us
es
 (e
.g.
fue
l, c
on
str
uc
tio
n, 
oth
er
…
) 
 
 
 
Ar
e c
ro
p r
es
id
ue
 st
ub
bl
es
 gr
az
ed
in
 si
tu?
 1.
 Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
%
 of
 fa
rm
ers
 us
in
g 
 
 
 
W
he
n &
 w
he
re
 
 
 
 
Ty
pe
 of
 an
im
als
 
 
 
 
If 
no
t o
wn
 an
im
als
, 
gr
az
ing
 fe
es
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Ar
e c
ro
p r
es
id
ue
s s
old
? 1
. Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
 …
…
…
 
%
 of
 fa
rm
s w
ith
 
res
id
ue
 su
rp
lus
 
(se
lli
ng
 m
or
e t
ha
n 
bu
yin
g)
 
 
 
 
%
 of
 fa
rm
s w
ith
 
res
id
ue
 de
fic
it 
(b
uy
in
g m
or
e t
ha
n 
se
lli
ng
) 
 
 
 
W
ha
t i
s m
ain
 ou
tle
t 
fo
r t
ho
se
 se
lli
ng
 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
W
ha
t i
s m
ain
 so
ur
ce
 
fo
r t
ho
se
 bu
yin
g 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
1. 
Lo
ca
l; 
 
2. 
Ou
tsi
de
 …
…
....
 
De
sc
rib
e c
ro
p 
res
id
ue
 m
ark
eti
ng
 
ch
ain
 if
 so
ld 
ou
tsi
de
 
(e.
g. 
for
m,
 
int
er
me
dia
rie
s, 
tim
e 
an
d r
eg
ula
rit
y 
tra
ns
ac
tio
ns
; s
tor
ag
e 
loc
ati
on
)
 
 
 
Cr
op
 re
sid
ue
 p
ric
es
 
W
he
at 
Ri
ce
 
Ot
he
r …
…
 
Av
era
ge
 gr
ain
 yi
eld
 
 
 
 
Av
era
ge
 re
sid
ue
 pr
ice
 
 
 
 
Ar
e r
es
id
ue
 pr
ice
s s
ea
so
na
l? 
?
At
 pe
ak
  
?
At
 tr
ou
gh
 
0. 
No
;  1
. Y
es
 
M
on
th
: …
 
Pr
ice
: …
 
M
on
th
: …
 
Pr
ice
: …
 
0. 
No
;  
1. 
Ye
s 
M
on
th
: …
 
Pr
ice
: …
 
M
on
th
: …
 
Pr
ice
: …
 
0. 
No
;  
1. 
Ye
s 
M
on
th
: …
 
Pr
ice
: …
 
M
on
th
: …
 
Pr
ice
: …
 
W
ha
t o
th
er 
fac
to
rs 
aff
ec
t 
pr
ice
s?
 (n
on
-se
as
on
al 
- e
.g.
 
va
rie
ty
, q
ua
lit
y, 
etc
)  
 
 
 
Ar
e c
ro
p r
es
id
ue
s u
se
d a
s p
ay
m
en
t i
n 
ki
nd
? 1
. Y
es
; 0
. N
o 
Fo
r w
hi
ch
 cr
op
s 
1. 
W
he
at,
 2.
 R
ice
, 3
 …
 
Sp
ec
ify
 (f
or
 w
ha
t; 
to
 
wh
om
; w
hy
; w
he
n)
 
Ar
e c
ro
p r
es
id
ue
s a
lso
 gi
ve
n 
aw
ay
 fo
r f
ree
? 1
. Y
es
; 0
. N
o 
Fo
r w
hi
ch
 cr
op
s 
1. 
W
he
at,
 2.
 R
ice
, 3
 …
 
Sp
ec
ify
 (t
o w
ho
m
; w
hy
; 
wh
en
)
Ar
e c
ro
p r
es
id
ue
s b
ur
ne
d 
in
 th
e f
iel
d?
 1.
 Y
es
; 0
. N
o 
 
W
he
at 
Ri
ce
 
Ot
he
r …
…
 
%
 of
 fa
rm
s b
ur
ni
ng
 
 
 
 
W
hy
 
 
 
 
Tr
en
d i
n u
se
 (i
f a
ny
) 
 
 
 
Cr
ite
ria
 de
ter
mi
nin
g w
hic
h c
ro
p 
va
rie
ty
 to
 cu
lti
va
te 
 
W
he
at 
Ri
ce
 
Ot
he
r …
…
 
W
ha
t i
s t
he
 m
ain
 cr
ite
rio
n 
de
ter
m
in
in
g w
hi
ch
 va
rie
ty 
to 
gr
ow
? 
 
 
 
Is 
cro
p r
es
id
ue
 us
e a
n 
im
po
rta
nt
 cr
ite
rio
n?
 
0. 
No
;  
1. 
Ye
s 
0. 
No
;  
1. 
Ye
s 
0. 
No
;  
1. 
Ye
s 
If 
ye
s, 
ex
pla
in
 (e
.g.
 qu
an
tit
y, 
qu
ali
ty,
 et
c) 
 
 
 
 
Of
 al
l a
bo
ve
 cr
op
 re
sid
ue
 us
es
, w
hi
ch
 u
se
 of
 cr
op
 re
sid
ue
s i
s t
he
 la
rg
es
t b
y 
vo
lu
me
? S
ec
on
d a
nd
 th
ird
 la
rg
es
t? 
(ti
ck
 co
lu
mn
)
 
W
he
at 
Ri
ce
 
 
1 
2 
3 
1 
2 
3 
Us
ed
 as
 st
all
 fe
ed
 
 
 
 
 
 
 
Us
ed
 as
 st
ub
bl
e f
ee
d 
 
 
 
 
 
 
Us
ed
 fo
r n
on
-fe
ed
 
 
 
 
 
 
 
Bu
rn
ed
 in
 fi
eld
 
 
 
 
 
 
 
Le
ft 
in
 fi
eld
 
 
 
 
 
 
 
Ot
he
r …
 
 
 
 
 
 
 
Of
 al
l a
bo
ve
 cr
op
 re
sid
ue
 us
es
, w
hi
ch
 u
se
rs
 of
 cr
op
 re
sid
ue
s a
re
 th
e l
ar
ge
st 
by
 
vo
lu
me
? S
ec
on
d a
nd
 th
ird
 la
rg
es
t? 
(ti
ck
 co
lu
mn
)
 
W
he
at 
Ri
ce
 
 
1 
2 
3 
1 
2 
3 
Us
ed
 on
 ow
n f
ar
m
s 
 
 
 
 
 
 
So
ld
/ex
ch
an
ge
d w
ith
in
 vi
lla
ge
 
 
 
 
 
 
 
So
ld
 ou
tsi
de
 vi
lla
ge
 
 
 
 
 
 
 
Ot
he
r …
 
 
 
 
 
 
 
No
t u
se
d 
 
 
 
 
 
 
No
tes
: 
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9 Other feed inputs for livestock activities 
Feed source Main source 
(1.own,  
2-purchased) 
% of 
house-
holds 
using 
Main
livestock 
types for 
which used 
Specify season 
(when)
Price (Rs/Kg) Changes in 
use over last 
decade 
Why (reason for 
change) 
Crop byproducts 
……………….. 
……………….. 
………………..
………………..
……………….. 
       
Compound feed 
(dairy meal) 
       
Grazing         
Collected 
grasses/forage 
       
Produced green 
forage …… 
       
Other, specify: 
________ 
       
Other practices using normal crops for green fodder (e.g. wheat, barley, etc) 
Practice % of farmers practicing it 
Grazing of green crop (before grain) in situ
Selling of green crop (as forage) 
10
 O
ve
ra
ll 
fo
dd
er
/fe
ed
 a
va
ila
bi
lit
y 
Ho
w 
wo
ul
d 
yo
u c
ate
go
riz
e t
he
 vi
lla
ge
 in
 te
rm
s o
f s
elf
-su
ffi
cie
nc
y 
on
 an
 an
nu
al 
ba
sis
 fo
r t
he
 fo
llo
wi
ng
 fe
ed
 so
ur
ce
s(
tic
k o
ne
 co
lu
mn
)
 
De
fic
ien
t 
(im
po
rti
ng
)
Se
lf-
su
ffi
cie
nt
 
Su
rp
lu
s
(e
xp
or
tin
g)
 
Cr
op
 re
sid
ue
s 
 
 
 
Ot
he
r c
ro
p b
yp
ro
du
cts
 
 
 
 
Gr
az
in
g  
 
 
 
Co
lle
cte
d g
ra
ss
es
/fo
ra
ge
 
 
 
 
Pr
od
uc
ed
 gr
ee
n f
or
ag
e  
 
 
 
Ot
he
r, 
sp
ec
ify
: _
__
__
__
_ 
 
 
 
Fo
dd
er
/fe
ed
 av
ai
la
bi
lit
y 
W
hi
ch
 ar
e t
he
 cr
iti
ca
l m
on
th
s w
he
n 
fo
dd
er
/fe
ed
 is
 no
t a
va
ila
bl
e?
  
Su
gg
es
tio
ns
 to
 im
pr
ov
e u
po
n 
pr
ob
lem
 of
 fo
dd
er
/fe
ed
 av
ail
ab
ili
ty
  
11
 O
th
er
 s
ys
te
m
 is
su
es
 
Us
e o
f h
ire
d 
la
bo
ur
 
Ac
tiv
iti
es
 
%
 of
 fa
rm
er
s h
iri
ng
 
ca
su
al 
lab
ou
r 
%
 o
f f
ar
m
er
s h
iri
ng
 
pe
rm
an
en
t l
ab
ou
r 
Cr
op
-re
lat
ed
 ac
tiv
iti
es
 
 
 
Li
ve
sto
ck
-re
lat
ed
 ac
tiv
iti
es
 (s
pe
cif
y 
ac
tiv
iti
es
…
.) 
Fo
r o
th
er
 ag
ric
ul
tu
ra
l a
cti
vi
tie
s, 
sp
ec
ify
: 
…
…
.. 
Ca
su
al
 w
ag
e r
at
e 
M
ale
: R
s …
…
 pe
r d
ay
 
Fe
m
ale
: R
s …
…
 pe
r d
ay
 
Is 
th
er
e o
cc
as
io
na
lly
 sh
or
ta
ge
of
 ca
su
al 
lab
ou
r?
 1.
 Y
es
; 0
. N
o 
Pe
ak
 pe
rio
d 
 
Ca
su
al 
wa
ge
 ra
te 
du
rin
g p
ea
k 
Rs
 …
…
 pe
r d
ay
 
Do
es
 ca
su
al 
lab
or
 fr
om
 el
se
wh
er
e m
ig
ra
te 
to
 th
e 
vi
lla
ge
 du
rin
g t
ho
se
 ti
m
es
?  
0. 
No
; 1
. Y
es
, f
ro
m
 …
 
Do
es
 ca
su
al 
lab
or
 fr
om
 th
e v
ill
ag
e a
lso
 
se
as
on
all
y m
ig
ra
te 
to
 o
th
er
 pl
ac
es
?  
0. 
No
; 1
. Y
es
, t
o …
 
71
Ro
le 
of
 w
om
en
 
 
Cr
op
 re
lat
ed
 
ac
tiv
iti
es
 
Li
ve
sto
ck
- r
ela
ted
 
ac
tiv
iti
es
 
Ar
e w
om
en
 in
 th
e v
ill
ag
e i
nv
ol
ve
d i
n?
 
0. 
No
; 1
. Y
es
 
0. 
No
; 1
. Y
es
 
W
hic
h a
re 
the
ir 
ma
in
 ta
sk
s?
 
Ha
ve
 w
om
en
 m
or
e s
ay
 ov
er 
in
co
m
e f
ro
m
 
cro
p o
r l
ive
sto
ck
? (
tic
k)
Cr
op
-li
ve
sto
ck
 in
ter
ac
tio
ns
 
 
In
 sa
me
 fa
rm
 ho
us
eh
ol
d 
In
 sa
me
 vi
lla
ge
 
W
ha
t a
re 
the
 m
ain
 
ad
va
nt
ag
es
 of
 ha
vi
ng
 
sim
ult
an
eo
us
ly 
cro
p a
nd
 
liv
es
toc
k…
 
W
ha
t a
re 
the
 m
ain
 
di
sa
dv
an
ta
ge
s o
f h
av
in
g 
sim
ult
an
eo
us
ly 
cro
p a
nd
 
liv
es
toc
k…
 
(e.
g. 
so
il/
lan
d h
ea
lth
, w
ate
r u
se
, p
es
t c
on
tro
l, w
ate
r u
se
, la
bo
r u
se
, in
co
me
, e
tc…
) 
Fi
na
nc
ial
 cr
op
-li
ve
sto
ck
 in
ter
ac
tio
ns
 
Ho
w 
sig
ni
fic
an
t i
s t
he
 us
e o
f i
nc
om
e f
ro
m
 cr
op
s f
or
 bu
yin
g 
liv
es
toc
k o
r l
ive
sto
ck
 in
pu
ts?
 
0. 
No
t s
ign
ifi
ca
nt;
  
1. 
Si
gn
ifi
ca
nt
. 
Ho
w 
sig
ni
fic
an
t i
s t
he
 us
e o
f i
nc
om
e f
ro
m
 li
ve
sto
ck
 fo
r b
uy
in
g 
cro
p i
np
ut
s?
 
0. 
No
t s
ign
ifi
ca
nt;
  
1. 
Si
gn
ifi
ca
nt
. 
Lo
ca
l i
nt
er
es
t r
at
e w
ith
 vi
lla
ge
 m
on
ey
 le
nd
er
s 
Se
as
on
al 
lo
an
 …
…
…
 
In
ve
stm
en
t l
oa
n …
…
…
 
Ha
ve
 yo
u 
he
ar
d 
of
 ze
ro
-ti
lla
ge
? 1
. Y
es
; 0
. N
o 
W
ha
t %
 of
 fa
rm
ers
 us
e z
ero
-ti
ll 
dr
ill
? 
 
Ho
w 
ma
ny
 ze
ro
 ti
ll 
dr
ill
s a
re 
th
er
e i
n 
co
m
m
un
ity
? 
W
ha
t i
s y
ou
r p
er
ce
pt
ion
 of
 ze
ro
-ti
lla
ge
 
tec
hn
ol
og
y?
 
Fu
tu
re
 ou
tlo
ok
 
 
Cr
op
 pr
od
uc
tio
n 
Li
ve
sto
ck
 pr
od
uc
tio
n 
Do
 fa
rm
ers
 w
an
t t
o e
xp
an
d 
cro
p o
r l
iv
es
toc
k p
ro
du
cti
on
? 
0. 
No
; 1
.Y
es
 
0. 
No
; 1
.Y
es
 
Ho
w/
wh
ich
 ac
tiv
iti
es
?  
W
ha
t a
re 
th
e h
in
dr
an
ce
s?
 (e
.g.
 
cre
di
t, 
m
ark
et,
 la
nd
 re
so
ur
ce
s, 
wa
ter
…
) 
An
y o
the
r c
on
str
ain
ts?
 
W
ha
t i
s t
he
 m
ain
 p
ro
bl
em
 af
fec
tin
g t
he
 vi
lla
ge
? 
Co
mm
en
ts:
 
Cl
os
e g
ro
up
 di
sc
us
sio
n a
nd
 th
an
k p
ar
tic
ipa
nts
. T
ak
e a
 to
ur
 of
 vi
lla
ge
 an
d s
ur
ro
un
din
g 
fie
lds
 to
 ob
se
rv
e f
irs
t h
an
d. 
Pl
ea
se
 no
te 
an
y o
bs
er
va
tio
ns
, d
isc
us
sio
ns
 an
d g
en
er
al 
pe
rc
ep
tio
n o
f c
ro
p-
liv
es
to
ck
 is
su
es
 if
 no
t c
ov
er
ed
 be
for
e. 
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Cr
op
-li
ve
sto
ck
 in
ter
ac
tio
ns
 sc
op
in
g s
tu
dy
 
La
nd
les
s g
ro
up
 d
isc
us
sio
n
Af
ter
 co
mp
let
ing
 gr
ou
p d
isc
us
sio
n w
ith
 fa
rm
er
s, 
re
qu
es
t t
o m
ee
t a
 sm
all
 gr
ou
p  
(5
-1
0)
 of
 
lan
dle
ss 
ho
us
eh
old
s f
ro
m 
the
 vi
lla
ge
. T
ry
 ha
rd
 to
 in
clu
de
 so
me
 w
om
en
. D
isc
us
s w
ith
 
the
m 
be
low
 an
d r
ela
ted
 is
su
es
.  
Nu
mb
er 
of
 p
ar
tic
ip
an
ts:
 …
…
# o
f w
om
en
 am
on
g p
art
ici
pa
nt
s: 
…
…
W
ha
t s
ha
re 
of
 la
nd
les
s h
ou
se
ho
ld
s h
av
e l
iv
es
to
ck
?: 
M
ain
 ty
pe
s o
f a
nim
als
: 
Ho
w 
do
 th
ey
 pr
oc
ur
e t
he
 li
ve
sto
ck
 fe
ed
? (
typ
es
, s
ea
so
ns
, p
ric
es
): 
De
sc
rib
e i
m
po
rta
nc
e o
f l
ive
sto
ck
 to
 th
em
 (e
.g.
 re
lat
iv
e t
o o
the
r s
ou
rce
s):
 
W
ha
t p
ro
ble
m
s d
o y
ou
 fa
ce
? 
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A
nn
ex
 5
. 
Se
le
ct
ed
 p
ho
to
gr
ap
hi
c 
im
pr
es
si
on
s 
fro
m
 s
tu
dy
 a
re
a 
M
ee
ru
t c
lu
st
er
1.
 C
ar
tin
g 
ho
m
e 
th
e 
su
ga
rc
an
e 
to
ps
 
   
 fo
r 
fo
dd
er
2.
 S
ur
ve
y 
sc
en
e
3.
 B
uf
fa
lo
 p
en
4.
 W
he
at
 b
hu
sa
 s
ta
ck
 c
ov
er
ed
 w
ith
 
   
 s
ug
ar
ca
ne
 le
av
es
5.
 D
un
g 
ca
ke
 s
ta
ck
s
6.
 M
ai
ze
 g
re
en
 fo
dd
er
 g
oi
ng
 to
 m
ar
ke
t
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Ka
np
ur
 c
lu
st
er
7.
 V
ill
ag
e 
sc
en
e 
ar
ou
nd
 c
ow
 fe
ed
in
g 
pe
n
8.
 B
uf
fa
lo
 fe
ed
in
g 
pe
n
9.
 D
un
g 
ca
ke
s
10
. F
ie
ld
 s
ce
ne
11
. S
ur
ve
y 
sc
en
e
12
. V
ill
ag
e 
sc
en
e
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Fa
zi
ab
ad
 c
lu
st
er
13
. B
uf
fa
lo
 p
en
14
. C
ro
p 
re
si
du
es
 w
ith
 d
un
g 
ca
ke
 s
ta
ck
15
. D
es
i c
at
tle
 fe
ed
in
g 
pe
n
16
. C
ro
p 
re
si
du
e 
st
ac
ks
17
. S
ur
ve
y 
sc
en
e
18
. W
he
at
 b
hu
sa
 s
to
ra
ge
